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PREFACE 


For nearly all of us, food is the largest item in the cost of living 
and usually the most potent factor in the influence of daily habits 
upon health. Wise use of food thus means much for satisfaction and 
welfare. And to use food wisely one should have a fairly wide knowl¬ 
edge of food products. 

Agriculture and commerce keep our markets supplied with a 
great variety of foods at all seasons of the year. To make the best use 
of what is thus offered, one must know how to compare costs with 
values, and to this end should have a fairly broad acquaintance with 
both the economic aspects and the nutritional characteristics of the 
chief kinds of foods as commodities. 

This book seeks, therefore, to furnish the subject matter for a 
broad general study of foods and food products. The first and second 
chapters treat respectively of the broad significance of food and the 
general principles of food management. Then follows a chapter on 
each of the chief types of food. Then a final chapter is devoted to 
the choice and use of foods—what kinds and how much of each— 
from the combined point of view of nutrition and food economics. 

The general scope and arrangement is essentially as in the third 
edition. A typical chapter will have four main parts: (1) an account 
of the production of the food in question and its preparation for 
market, and, where of special interest, a brief sketch of marketing 
and storage methods and such statistical data as will indicate con¬ 
cisely the relative economic importance of the industry, (2) questions 
of sanitation, inspection, and standards of purity or of conventional 
market grade, (3) the general composition, mineral content, and 
vitamin values, and (4) special characteristics, digestibility, nutritive 
value and place in the diet. As a full-scale development of each sub- 
topic in connection with every food would have made the book too 
bulky and monotonous for its greatest usefulness as a college text— 
as well as for most general readers—the plan has been to treat each 
topic on its own merits in this respect. Hence a given subtopic may 
be treated fairly fully in one chapter and in another chapter much 
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more concisely, if at all, according to what is believed to be in the 
best interest of the user of the book. On the assumption that users 
of this book will have at hand the United States Department of 
Agriculture’s Miscellaneous Publication 572, “Tables of Food Com¬ 
position in Terms of Eleven Nutrients, the tables of composition 
of the third edition of this book are in the present edition shortened 
by omission of such parts as duplicate the ground now covered by 
the Government bulletin. In the further interest of conciseness and 
economy, the number of pictures is reduced, except in the first 
chapter where they are believed to render a special service to those 
users of this book who have not previously studied such aspects of 
nutrition as are here illustrated. 

In the preparation of this fourth edition, special attention has 
been given to a carefully studied revision of the tabulations of the 
amounts of individual amino acids in the different food proteins, 
and to the lists of suggested readings at the ends of the chapters. 
The latter are intended to be comprehensive enough to facilitate 
extension of the study along chemical, economic, nutritional, sani¬ 
tary, or technological lines, as the individual reader may desire. 

While the author alone is responsible for mistakes of omission or 
commission, grateful achnowledgment is due to Harriet Barto, O. P. 
Brucher, M. L. Fincke, B. J. Geiger, M. M. Heseltine, Osse Hughes, 
H. A. Hunscher, C. S. Pearson, M. S. Ragan, and J. M. Schwank for 
generous help in many ways. 


H.C.S. 
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CHAPTER I. THE CHIEF CONSTITUENTS AND 
FUNCTIONS OF FOOD 


FOODS AND FOOD VALUES 

Through the food the body obtains the substances which enter 
into its structure, which yield energy for its activities, and which 
regulate the processes essential to life and health. 

Most articles of food contain water, as shown by the fact that 
they lose weight on drying. The dry residue consists mainly of 
combustible matters (organic substances), but when these are 
burned, there usually remains more or less ash (a mixture of 
compounds of the so-called mineral elements). 

The combustible portion of the food may comprise a variety of 
organic compounds, but in the majority of staple foods much the 
greater part by weight of the organic matter is found to be com¬ 
prised within three groups of substances: the carbohydrates, such 
as the starches and sugars: the fats, such as those of butter, marga¬ 
rine, olive oil, corn oil, soybean oil, peanut oil, cottonseed oil, lard, 
and meat fat; and the proteins, such as the albumin of egg, the curt! 
(casein) of milk or cheese, the muscle fiber of meat, the gluten of 
flour or bread. 

In most cases, if the percentages of proteins, fats, carbohydrates, 
ash, and water are determined accurately, it will be found that these 
groups of substances make up nearly the entire weight of the food. 
For some purposes it is sufficient to analyze foods as if they consisted 
entirely of these five parts, ignoring the constituents present only in 
very small amounts and letting them be included in the estimated 
percentages of protein, of fat, or of carbohydrate, whichever they 
most resemble in their behavior under the analytical process. Such 
an analysis will include with the proteins any other substances con¬ 
taining nitrogen which may be present in the food. With the fats 
will be included any other substances which are dissolved from the 
dried food by ether, such as the resinous or waxy material which 
serves to waterproof the surfaces of many fruits and vegetables, and 
many of the natural coloring matters which occur in such foods as 
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green vegetables and tomatoes; and with the carbohydrates will be 
included the fruit acids and any other undetermined organic sub¬ 
stances which are not counted with the proteins or the fats. 

Such a partial analysis of a food can easily be criticized; yet it 
often serves very important purposes. Thus with a knowledge of the 
digestibility of the food it enables us to compute its value as a source 
of energy in nutrition, this energy value or fuel value being usually 
expressed in terms of Calories * per gram, or of Calories per pound 
of the food. 

Many foods also furnish us one or more of a group of very im¬ 
portant organic substances called vitamins. The amounts in which 
the vitamins occur in foods are so small that the former methods of 
chemical analysis did not reveal them; but special methods have 
been developed for measuring the chief vitamin values of foods. 
Sometimes this is done by means of quantitatively conducted feed¬ 
ing experiments, often called “biological method of food analysis” 
or “bioassay”; sometimes by measuring the influence of the vitamin 
upon some microorganism, “microbioassay”; sometimes by chemical 
or physical determination in vitro as with other “orthodox” methods 
of food analysis. 

THE COMPOSITION OF FOOD MATERIALS 

The ultimate composition of a food is its composition as ex¬ 
pressed in terms of the chemical elements into which it might ulti¬ 
mately be resolved—carbon, hydrogen, oxygen, nitrogen, sulfur, etc. 

The proximate composition is the composition in terms of the 
compounds actually present—proteins, fats, carbohydrates, mineral 
salts, water, etc.f These groups of compounds have sometimes been 
called the proximate principles of food, or the food principles. As a 
precaution against ambiguity this use of the term “principles” is now 
generally avoided, but there is frequent occasion to use the terms 
ultimate and proximate in speaking of the composition and analysis 


• When the term Calorie is used in this work it will be understood to mean the 
greater calorie, or kilogram calorie, i.e., the amount of heat required to raise the 
temperature of one kilogram of water one degree Centigrade. This is very 
nearly the same as the heat required to raise four pounds of water one degree 
Fahrenheit. 

t Vitamins might be entered here since they are a group of compounds differ¬ 
ent from any of the five mentioned; but it is somewhat misleading to speak of the 
vitamins as a group, because they differ so widely among themselves in chemical 
nature. 
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of foods, and it is well to keep the exact chemical significances of 
these terms in mind. Also, in chemistry the word proximate should 
not be confused with approximate. 

Food materials and foodstuffs. The term food materials is syn¬ 
onymous with the expression food commodities or articles of food. 
Thus bread, meat, eggs, milk, are spoken of as food materials. The 
term foodstuffs is sometimes popularly or commercially used as syn¬ 
onymous with articles of food; but also, it is used in science in a 
somewhat different sense to mean the stuffs that foods arc made of, 
or, in the terms which we have been using, the substances of which 
the food materials are composed. Thus, the proteins, fats, and 
carbohydrates which occur in food materials are foodstuffs in this 
sense which is synonymous with nutrients. 

The chemistry and nutritive significance of the foodstuffs, both 
organic and inorganic, have been discussed by the writer in another 
volume (Chemistry of Food and Nutrition, Seventh Edition) and 
cannot be considered here in detail. A brief summary of some of 
the facts having most relation to what follows in later chapters may, 
however, be advantageous at this point. 

CARBOHYDRATES 

The carbohydrates include the simple sugars and all the sub¬ 
stances which can be split (by hydrolysis) into simple sugars. The 
simple sugars, having only one sugar radicle in the molecule, are 
called monosaccharides (typically C (i H 12 O c ). Sugars whose molecules 
contain two sugar radicles, and from each molecule of which two 
molecules of monosaccharide can be obtained by hydrolysis, are 
called disaccharides (typically C I2 H 22 0 11 ). Substances like starch 
and dextrin which can be hydrolyzed to simple sugars but which are 
of high molecular weight, each molecule containing many mono¬ 
saccharide radicles, are called polysaccharides, typically n(C 0 H 1(1 O 5 ). 

The classification which follows includes only carbohydrates 
important in foods or nutrition. Fuller information may be obtained 
from the books listed at the end of this chapter. 

Monosaccharides 

Glucose (dextrose, grape sugar, starch sugar) 

Fructose (levulose, fruit sugar) 

Galactose 

Disaccharides 

Sucrose (cane sugar, saccharose) 
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Lactose (milk sugar) 

Maltose (malt sugar) 

Polysaccharides 

/ 

Starch 

Dextrin 

Glycogen 

Cellulose 

Hcmicclluloses 

Glucose is widely distributed in nature, occurring abundantly 
in many fruits and plant juices, often mixed with other sugars. 
Since most of the other carbohydrates yield glucose when split by 
digestion, the total amount of glucose which is absorbed into the 
body is much larger than that of any other sugar. Normal blood 
always contains glucose (usually about 0.1 per cent) which is con¬ 
stantly being burned to yield energy to the body. Any surplus of 
glucose absorbed from the digestive tract is normally stored in the 
body in the form of glycogen which later is converted back into 
glucose as needed to replace that which has been burned. Com¬ 
mercially, glucose is made by hydrolysis of starch as explained in 
Chapter VIII. 

Fructose occurs with glucose in plant juices and especially in 
fruits and honey. It is formed along with an equal weight of glucose 
when cane sugar is hydrolyzed; hence its occurrence in molasses and 
sirups as well as honey. (See Chapter XIII.) When cane sugar is 
eaten, it is not absorbed as such, but is changed into equal parts of 
glucose and fructose in the digestive tract. The fructose absorbed 
into the body serves the same purposes as glucose and like glucose 
may be changed into glycogen for storage. Glucose and fructose are 
the only monosaccharides which occur, in any important quantity, as 
such, in foods. 

Galactose does not occur free in nature or in commercial food 
products, but as a product of digestion of milk sugar it is of some 
importance in nutrition. It is utilized like glucose, and also in the 
formation of more complex substances, in the body. 

Sucrose occurs commonly in the vegetable kingdom, being found 
in considerable quantity in many familiar fruits and vegetables. 
Usually these sweet fruits and plant juices contain glucose and 
fructose along with the sucrose, and also other substances which 
make it difficult to separate the sucrose in crystalline form. The 
juices of the sugar cane, the sugar beet, and to a less extent certain 
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maple and palm trees, contain enough sucrose and little enough of 
other substances to make it practicable to manufacture sugar from 
them commercially. (See Chapter XIII.) On hydrolysis, a molecule 
of sucrose yields one molecule each of glucose and fructose. The 
process is often called inversion and the product invert sugar. When 
eaten, sucrose is digested into glucose and fructose, the nutritive 
functions of which have been mentioned above. 

Lactose occurs in milk and is made commercially from the whev 
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of milk used in the manufacture of cheese or casein. In the both, 
lactose is digested into equal party of glucose and galactose, the, 
nutritive functions of which have been noted above. Lactose has 
special interest for the student of nutrition for at least two reasons. 
It is not found in the blood or body tissues generally, but is evi¬ 
dently formed only in the mammary gland for secretion in the milk, 
which suggests its especial importance in the nourishment of the 
young. It also is outstanding among the sugars in its property of 
favoring the development of the most desirable species of bacteria 
in the intestine. Sec brief discussions in Chapters III and IV' and 
sources of fuller information among the references at the end of 
the latter chapter. 

Maltose occurs in malted or germinated grains, in malt extracts, 
liquid or dry, and mixed foods containing these, but the amount of 
maltose eaten is not likely to be large. It is formed in quantity by 
the digestion of starch by the saliva or the pancreatic juice. Maltose, 
however, whether eaten or formed in the course of digestion, is not 
absorbed as such to any important extent, but is split by a digestive 
enzyme * of the intestinal juice, each molecule of maltose yielding 
two molecules of glucose. 

Starch is the chief form in which most plants stoic their reserve 
supply of carbohydrate material. It constitutes over one half of the 
solid matter of the cereal grains and an even larger proportion of 
the total solids of some other starchy foods such as potatoes, bananas, 
and chestnuts. In the processes of digestion, starch (especially when 
it has been cooked) is changed to maltose and the latter (as stated 
above) into glucose. In addition to the direct use of starchy materials 
as food, much starch is separated on an industrial scale (Chapter 
VIII) and used as such or as a source of dextrin, maltose, commercial 
glucose (corn sugar), or fermentation products. 

• Enzymes are discussed in textbooks of biochemistry and in Chemistry of 
Food and Nutrition. 
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Raw starch is easily seen under the microscope to consist of dis¬ 
tinct granules, the size and shape of which differ greatly in the 
starches formed in different types of plants. (Figure 1 represents 
starch granules from potato, wheat, and corn (maize), all magnified 
in the same proportion.) 
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Fig. 1. Starch granules magnified 300 diameters. 

Dextrins are formed from starch by the action of enzymes, acids, 
or heat. Although usually represented by the same empirical formula 
as starch, the dextrins appear in general as intermediary products 
in the hydrolysis of starch to maltose or glucose; hence no further 
discussion is required here. 

Glycogen is the chief reserve form of carbohydrate in animals, 
as starch is in plants. For this reason and because of its physical 
properties and its chemical relationship to maltose and glucose, 
it is often called “animal starch.” It is stored principally in the liver 
and to a small extent in the muscles. 

Cellulose is familiar as a woody or fibrous material occurring in 
the cell walls of all vegetable tissues. It yields glucose on hydrolysis, 
but is not digested to a sufficient extent to make it of much nutritive 
value to man, though it is often of value in giving proper bulk to 
the diet. It is commonly called “roughage.” A distinction between the 
relatively rough and the relatively smooth or soft forms of cellulose 
is often desirable. 

Hemicelluloses are substances which botanically seem to resemble 
cellulose in belonging to the walls rather than to the contents of 
plant cells. Chemically they resemble starch in being rather easily 
hydrolyzed by acids, but differ from it in that they often yield sugars 
other than glucose. These hemicelluloses do not appear to be di- 
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gestccl by any of our digestive juices and are therefore presumably 
of little practical importance as nutriment; but may have a value 
in contributing soft indigestible residue to the diet. 

Carbohydrates in nutrition. From what has been said above it 
will be clear that the various digestible carbohydrates of the food, 
having been split by the digestive enzymes to monosaccharides, arc 
absorbed into the blood. Any surplus is stored temporarily in the 
form of glycogen, chiefly in the liver, though to some extent in the 
muscles. The glucose which circulates in the blood is burned in 
the muscles and other active tissues as fuel, the burned glucose 
being constantly replaced by new glucose derived either currently 
from the digestive tract or from the stored glycogen. When more 
carbohydrate is received than is burned, the surplus is stored as 
glycogen, but only to a limited extent, the total amount of glycogen 
which the human body can store being estimated at less than one 
pound or only about as much carbohydrate as might be contained 
in the food of one day. Surplus carbohydrate, in addition to being 
(in part) stored as glycogen, may also be converted into fat, and this 
transformation of carbohydrate into fat can be carried on to a very 
large extent and with almost no loss of energy. The energy value 
to the body of average carbohydrate in the food is 4.0 Calories per 
gram, or 1814 Calories per pound. 

ORGANIC ACIDS 

Some foods contain considerable quantities of organic acids or 
their salts, or both. Oranges, grapefruit, and lemons, for instance, 
are rich in citric acid and citrates; grapes contain considerable 
amounts of potassium acid tartrate, much of which crystallizes out 
as the "cream of tartar” of the wine-vats when grape juice undergoes 
the alcoholic fermentation of its glucose; apples and other “pome" 
fruits contain malic acid; and many fruits contain small amounts of 
succinic acid. Fermented foods may contain appreciable quantities 
of lactic acid as in sauerkraut and sour milk, buttermilk, etc.; or 
acetic acid as in vinegar. Cranberries, plums, and prunes contain 
benzoic acid. A few foods including spinach, chard, and beet greens 
contain notable amounts of oxalic acid or oxalates. Some of the or¬ 
ganic acids are oxidized in the body and serve as fuel much as do 
the carbohydrates, while others such as benzoic and oxalic acids are 
probably of little if any food value and may be disadvantageous. 
Thus the oxalic acid of spinach and other leaves of the Goosefoot 
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family (Chcnopodiaceae) render the calcium of these leaves practi¬ 
cally unavailable nutritionally. Tartaric acid has been more or less 
generally regarded as oxidizable in the body in small but not in 
larger amounts; but the work of Underhill et al., of Finkle, and of 
Pickens and Hettler was editorially interpreted by the Journal of 
the American Medical Association (June 10, 1933) to “support the 
conclusion that tartaric acid cannot be oxidized or otherwise utilized 
by human beings.” Yet because of long-standing custom it is not 
uncommon in reckoning the fuel value of a food to count the or¬ 
ganic acid as carbohydrate, especially as in routine analyses the acids 
are often not sought nor are the carbohydrates determined directly, 
but all of the material not found to be moisture, protein, fat, or ash 
is often considered “carbohydrate by difference” for the purposes of 
-ordinary estimations of food values. 

FATS 

The fats are all glycerides; that is, substances consisting of com¬ 
binations of glycerol (sometimes commercially called glycerin) with 
fatty acids. Many of these fatty acids belong chemically to the same 
series with acetic acid. The chief members of this series occurring 
naturally in fats are butyric acid, C 4 H 8 O z ; caproic acid, C 6 H 12 0 2 ; 
caprylic acid, C 8 H 10 O 2 ; capric acid, C 10 H 20 O 2 ; lauric acid, Cj 2 H 24 0 2 ; 
myristic acid, C 14 H M 0 2 ; palmitic acid, C 10 H 32 O 2 ; stearic acid, 

Cis^gCXj. 

Butyric acid is a liquid which mixes in all proportions with 
water, alcohol, and ether, can be boiled without decomposition, and 
is readily volatile in steam. 

With increasing molecular weight, the acids of this series regu¬ 
larly show increasing boiling or melting points, and decreasing solu¬ 
bility, and become less volatile. Those up to capric acid are liquids 
at ordinary temperatures, while those above are solids, and harder 
the higher the molecular weight. Stearic acid is a hard paraffin-like 
crystalline solid insoluble in water and only moderately soluble in 
alcohol and ether. 

The properties of the fats themselves depend upon and run 
parallel with those of the fatty acids. 

In addition to the fatty acids of the series to which acetic, butyric, 
and stearic acids belong, all of which are in the chemical sense satu¬ 
rated compounds, there are several unsaturated fatty acids, capable 
of combining chemically with hydrogen, oxygen, or halogens by 
direct addition. 
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The best known of these unsaturated fatty acids arc: oleic acid, 
C 18 H 34 0 2 : linoleic acid, C IS H., 2 0,: linolenic acid, Cj^TI lo O... All of 
these acids and their glycerides are liquid at ordinary temperatures. 
Commercial fats consisting mainly of the glycerides of these acids 
are therefore liquids and arc usually called oils. The chief chemical 
difference between olive oil and lard is that the former contains 
more olein (glyceride of oleic acid) and the latter more of palmitin 
and stearin (glycerides of palmitic and stearic acids). Either olein or 
linolein (glyceride of linoleic acid) may be converted into stearin 
by direct chemical union with hydrogen, and this is now done on a 
commercial scale for the hardening (by hydrogenation) of fatty oils 
so as to give them the consistency of lard (Chapter XII). 

The body fats of man and of the animals commonly used as food 
consist mainly of glycerides of palmitic, stearic, and oleic acids. 
Since palmitin and stearin are solids, while olein is a liquid, the 
hardness or softness of these fats is principally due to the proportion 
of olein which they contain. Butter fat contains all of the fatty acids 
listed above in the series from butyric to stearic acid and is distin¬ 
guished from the other food fats principally by this fact. Olive oil 
consists chiefly of palmitin, stearin, and olein, but contains much 
more olein and much less stearin than the ordinary solid fats. In 
cottonseed oil, soybean oil, peanut oil, corn oil, and other seed oils 
used as food, the quantities of palmitin and stearin are still smaller 
and, in addition to large quantities of olein, considerable quantities 
of linolein and in some cases even linolenin may occur. 

Simple and mixed glycerides. For convenience we speak as though 
the oleic acid radicles in a fat were present simply in the form of 
olein; the stearic in the form of stearin; the palmitic as palmitin; etc. 
As a matter of fact this is sometimes true, and glycerides which thus 
contain only one kind of fatty acid radicle in the molecule are called 
simple glycerides. It may also be true that two or three kinds of fatty 
acid may combine with the same molecule of glycerol forming what 
is called a mixed glyceride. Mixed glyceride is thus used as a techni¬ 
cal term to mean something more than merely a mixture of glycer¬ 
ides. If one molecule of glycerol be combined with one molecule 
each of oleic, stearic, and palmitic acids, the resulting mixed glyc¬ 
eride, oleo-stearo-palmitin, is different from a mere mixture of simple 
olein, palmitin, and stearin. Ordinary natural and commercial fats 
are mixtures of both simple and mixed glycerides. 

Fats in foods and nutrition. In food analysis, fat is usually deter¬ 
mined by extraction with ether. All ether-soluble substances are 
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therefore likely to be counted as fat. In this way some small quanti¬ 
ties of materials of less food value are likely to be counted along 
with the fat of the food. A more serious source of misunderstanding 
arises from the fact that some food fats are important sources of one 
or more of the fat-soluble vitamins, while others are not. As will be 
shown more fully in Chapter XII, the familiar edible fats and oils of 
commerce are rather similar in their chemical composition and di¬ 
gestibility and therefore in their fuel value; but they are very differ¬ 
ent in their food value because of the great differences in their fat- 
soluble vitamin values. More recently it has been found that a small 
amount of one or more of the unsaturated fatty acids is nutritionally 
essential to some animals, apparently including man. This essential 
factor we doubtless get without special planning if our dietaries 
contain reasonable proportions of natural foods. 

The fat of the food after digestion and absorption is again found 
in the blood in the form of glycerides collectively called neutral fat. 
This disappears partly by being burned in the muscles and other 
active tissues where it is used as fuel for the same purposes as carbo¬ 
hydrate. If in excess of the fuel requirements of the body, the fat 
obtained from the food may also be stored in the tissues. The body 
fat obtained thus directly from the food may show somewhat differ¬ 
ent characters from the fat which has been formed in the body from 
carbohydrate, but its nutritive relations appear to be the same. In 
either case, the fat thus stored in the body may normally be drawn 
upon for use as fuel at any future time when the energy requirements 
of the body demand it. 

The energy value to the body of average food fat is 9.0 Calories 
per gram, or 4082 Calories per pound. 

PROTEINS AND THEIR AMINO ACIDS 

Among the nitrogenous constituents of foods, the proteins usually 
so far predominate that the term protein is often used as practically 
synonymous with the nitrogen compounds of food materials. For 
this reason, and because the great majority of proteins contain from 
15 to 18 per cent, averaging about 16 per cent, of nitrogen, the pro¬ 
tein content of food materials is usually estimated by determining 
nitrogen and multiplying the percentage of nitrogen found by 6.25. 

The proteins are very complex substances and in no case is the 
chemical constitution of a natural protein fully and exactly known. 
It has, however, been determined that the typical proteins are essen- 
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tially anhydrides of amino acids. Thus the relation of the protein 
molecule to the amino acids, from which it is derived and into which 
it can be resolved, is analogous to the relation of starch to glucose. 
There is, however, this striking difference: that the molecules of 
monosaccharide derived from the complete hydrolysis of the starch 
are all alike (glucose), whereas the complete hydrolysis of a typical 
protein always yields several different kinds of amino acid, usually 
from twelve to twenty. 

The names * of the amino acids commonly met as products of 
hydrolysis of proteins are: alanine, arginine, aspartic acid, cystine, 
glutamic acid, glycine (glycocoll), histidine, hydroxyglutamic acid, 
hydroxylysine, hydroxyproline, isoleucine, leucine, lysine, methi¬ 
onine, phenylalanine, proline, serine, threonine, tryptophane, tyro¬ 
sine, and valine. Ammonia, while not an amino acid, is often listed 
with them in accounting for the distribution of the nitrogen con¬ 
tained in proteins. 

The strict chemical names and structural formulae of these 
amino acids are given in Chapter IV of Chemistry of Food and Nu¬ 
trition, Seventh Edition. 

Classification of the proteins. In the past there has been consider¬ 
able confusion in the classification and terminology of the proteins. 
The classification now generally used is as follows: 

I. SIMPLE PROTEINS 

Protein substances which yield only amino acids or their derivatives on 

hydrolysis.! 

(a) Albumins. Simple proteins soluble in pure water and coagulable 
by heat. Examples: egg albumin, serum albumin (blood), leucosin 
(wheat), legumelin (peas). 

(b) Globulins. Simple proteins insoluble in pure water, but soluble in 
neutral salt solutions. Examples: muscle globulin, serum globulin 
(blood), edestin (wheat, hemp seed, and other seeds), phaseolin 
(beans), legumin (beans and peas), vignin (cow peas), tuberin 
(potato), amandin (almonds), excelsin (Brazil nuts), arachin and 
conarachin (peanuts). 

(c) Glutelins. Simple proteins insoluble in all neutral solvents, but 

•The names of the amino acids are sometimes spelled without the final e; 
for example, glycine as glycin, alanine as alanin. The names of proteins should 
always be spelled without the final e to distinguish them from amino acids and 
some other groups of nitrogen compounds: thus always gelatin (never gelatine). 

fThis definition is not literally correct, since recent studies have shown the 
presence of carbohydrate material in many of these so-called simple proteins. 
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readily soluble in very dilute acids and alkalies. The best-known 
and most important member of this group is the glutenin of wheat. 

(d) Alcohol soluble proteins (prolamins). Simple proteins soluble in 
relatively strong alcohol (70-80 per cent) but insoluble in water, 
absolute alcohol, and other neutral solvents. Examples: gliadin 
(wheat), zein (maize), hordein (barley), kafirin (kafir corn). 

(e) Albuminoids. These are the simple proteins characteristic of the 
skeletal structures of animals (for which reason they are also called 
sclcroproteins) and also of the external protective tissues, such as 
the skin, hair, etc. Example: collagen, which when boiled with 
water yields gelatin. 

(f) Histones. Soluble in water, and insoluble in very dilute ammonia, 
and in the absence of ammonium salts insoluble even in an excess 
of ammonia; yield precipitates with solutions of other proteins 
and a coagulum on heating which is easily soluble in very dilute 
acids. On hydrolysis they yield several amino acids, among which 
the basic ones predominate. The only members of this group which 
have any considerable importance as food are the thymus histone 
and the globin of hemoglobin. 

(g) Prolamins. These are simpler substances than the preceding groups, 
artr soluble in water, not coagulable by heat, possess strong basic 
properties, and on hydrolysis yield a few amino acids among which 
the basic amino acids greatly predominate. They are of no im¬ 
portance as food. 

II. CONJUGATED PROTEINS 

Substances which contain the protein molecule united to some other 

molecule or molecules otherwise than as a salt. 

(a) Nucleoproteins. Compounds of one or more protein molecules with 
nucleic acid. Examples of the nucleic acids thus found united with 
proteins are thymo-nucleic acid (thymus gland), tritico-nucleic acid 
(wheat germ). 

(b) Glycoproteins. Compounds of the protein molecule with a sub¬ 
stance or substances containing a carbohydrate group other than a 
nucleic acid. Example: mucins. 

(c) Phosphoproteins. Compounds in which the phosphorus is in 
organic union with the protein molecule otherwise than in a 
nucleic acid or lecithin. Examples: caseinogen (milk), ovovitellin 
(egg yolk). 

(d) Hemoglobins. Compounds of the protein molecule with hematin 
or some similar substance. Example: hemoglobin of blood. (The 
redness of meat is also due chiefly to hemoglobin.) 

(e) Lecithoproteins. Compounds of the protein molecule with lecithins 
or related substances. 
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III. DERIVED PROTEINS 

1. Primary protein derivatives. Derivatives of the protein molecule 
apparently formed through hydrolytic changes which involve only 
slight alterations. 

(a) Proteans. Insoluble products which apparently result from the 
incipient action of water, very dilute acids, or enzymes. Examples: 
casein (curdled milk!, fibrin (coagulated blood). 

(b) Metaproteins. Products of the further action of acids and alkalies 
whereby the molecule is sufficiently altered to form proteins solu¬ 
ble in very weak acids and alkalies, but insoluble in neutral sol¬ 
vents. This group includes the substances which have been called 
“acid proteins,” "acid albumins,” “syntonin,” “alkali proteins,” 
"alkali albumins,” and "albuminates.” 

(c) Coagulated proteins. Insoluble products which result from (1) the 
action of heat on protein solutions, or (2) the action of alcohol on 
the protein. Example: cooked egg albumin, or egg albumin pre¬ 
cipitated by means of alcohol. 

2. Secondary protein derivatives. Products of the further hydrolytic 
cleavage of the protein molecule. 

(a) Proteoses. Soluble in water, not coagulable by heat, precipitated 
by saturating their solutions with ammonium sulfate or zinc sul¬ 
fate. The products commercially known as “peptones” consist 
largely of proteoses. 

(b) Peptones. Soluble in water, not coagulable by heat, and not pre¬ 
cipitated by saturating their solutions with ammonium sulfate or 
zinc sulfate. These represent a further stage of cleavage than the 
proteoses. (The term "peptone” was formerly applied to all diges¬ 
tion products not coagulated by boiling, and is still popularly used 
in the same sense.) 

(c) Peptides. Definitely characterized combinations of two or more 
amino acids. An anhydride of two amino acid radicles is called a 
"di-peptide”; one having three amino acid radicles, a “tri-peptide”; 
etc. Peptides result from the further hydrolytic cleavage of the pep¬ 
tones. As was mentioned above, many peptides have also been 
made in the laboratory by the linking together of amino acids. 

Substances simpler than the peptones but containing several 
amino acid radicles are often called "poly-peptides.” 


Proteins and their amino acids in nutrition* The amino acids 
which are the chief digestion products of proteins are absorbed 

• For fuller discussion see Chemistry of Food and Nutrition, Seventh Edition, 
Chapters IV, V, VII, XI. 
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from the digestive tract into the blood stream and then rapidly 
distributed through the body and taken up by the muscles and 
other tissues. A part of the amino-acid material thus received may 
be utilized for the growth or “repair” or upkeep of tissue material; 
the remainder is split, the nitrogen being eliminated from the body 
chiefly as urea, and the non-nitrogenous residue being either burned 
as fuel or converted into carbohydrate or fat. 

The energy value to the body of average food protein is 4.0 
Calories per gram, or 1814 Calories per pound. 

It should be kept in mind that in the full-grown, well-nourished 
body, no important increase of protein tissue ordinarily occurs; 
hence practically all the protein received from the food by an adult 
is burned eventually as fuel, whether it first serves in the upkeep 
of the body tissue or not. The exact chemical nature of the upkeep 
process in the tissues is complex. 

As some of the amino acids can be made from others in the body, 
it is not yet (1948) entirely certain to what extent the food must 
furnish the exact amount of each essential amino acid which is to 
enter nutritional processes. Much progress has, however, been made 
in recent years, especially through the researches of Dr. W. C. Rose 
at the University of Illinois, and it is now considered that the nor¬ 
mally growing body requires from its food ten kinds of amino acid 
—arginine, histidine, isoleucine, leucine, lysine, methionine, phenyl¬ 
alanine, threonine, tryptophane, and valine—and that all except 
the first two of these are also indispensable in the feeding of normal 
adults for simple maintenance or upkeep. 

In the present state of knowledge, therefore, some investigators 
are seeking to account as fully as possible for all the kinds and 
amounts of amino acids that occur (chemically linked together) in 
food proteins, while others concentrate their attention upon some 
one or more of the ten kinds just listed as indispensable in the sense 
explained above. Several of the subsequent chapters of this book re¬ 
port information of one or both of these kinds. 

Even among the longer-known indispensable amino acids, we 
know little about the nutritional results when one or another is 
lacking or deficient in the food. Perhaps the best known example is 
the shortage of lysine, which was found by Osborne and Mendel 
(Fig. 2) to cause a retardation or suspension of growth which 
might continue for a long time with no apparent injury to health. 
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Fig. 2. The ilircc rats shown a hove were photographed exactly to scale. I he 
upper one was live months old and of normal si/e and development loi Ins age, 
he having had adequate diet with casein as its piotein. I he middle tat was of 
the same age hut stunted in growth hy the fact that the sole piotein ol his diet 
was gliadin, which is deficient in the amino acid Ivsine. Because of this Ivsine 
deficiency he remained at live months of age no laigei than the norm.ilh 
nourished one monih-ohl tat here shown below him. All these tats weie of the 
same slock and lived under the same conditions extept loi the staled difference 
in their food. (Couitesy of 1’iolessor l.afavette B Mendel.) 

Woods found similar results upon stunting lay shortage of cystine. 
A shortage of tryptophane or of histidine will also cause delay or 
cessation of growth and may involve mote danger to health. 






16 


CONSTITUENTS AND FUNCTIONS OF F O OD 


MINERAL ELEMENTS AS FACTORS IN FOOD VALUES 

Sulfur. Sulfur occurs in the food, as it does in the body, chiefly as 
a constituent of proteins. Since sulfur is essential to the constitu¬ 
tion of the body proteins, it is obviously important that sufficient 
of this element shall be supplied by the food; but all food proteins 
contain sulfur, and though the percentages of sulfur in individual 
proteins show considerable differences, the different proteins of the 
same food usually tend to balance each other in this respect so that 
the sulfur content of the total protein (or the ratio of sulfur to 
nitrogen) is about the same for most staple foods as for the body. 
Hence it is believed that under ordinary conditions food which sup¬ 
plies adequate protein will thereby supply adequate sulfur, so that 
usually sulfur need not be considered as a separate factor in ordi¬ 
nary dealings with food values, but may be regarded as sufficiently 
provided for when the protein requirement is covered. 

Phosphorus. Phosphorus compounds are essential to all the 
tissues of the body, and it is important that phosphorus be ade¬ 
quately supplied by the food. Hence the phosphorus contents of 
food materials—that is, of individual foods—are included in the 
table of food values currently issued by the National Research 
Council and the Government, as Miscellaneous Publication No. 572 
of the U. S. Department of Agriculture. At present (1948) however, 
it is commonly believed that dietaries which are satisfactory in their 
protein, calcium, and vitamin contents may be trusted to furnish 
enough phosphorus without special planning for this element; and 
probably this is true if such dietaries contain a fair proportion of 
reasonably natural food. 

Calcium. Of all the mineral elements, calcium is the one which 
requires most attention in considering food values and food supplies 
from the viewpoint of meeting nutritional needs. 

Much the greatest part of the calcium in the body is found in 
the bones and teeth, chiefly in the form of a mineral consisting 
essentially of calcium phosphate and calcium carbonate. The re¬ 
mainder of our body calcium occurs as an essential constituent of 
the soft tissues and body fluids. Calcium is needed by the young in 
especially liberal proportions (Fig. 3) because we are born with soft 
calcium-poor bones and the hardening of the bones and develop¬ 
ment of the teeth is largely a process of calcification. This means a 
deposition of calcium salts in the developing body in even greater 
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Fig. 3. Twin brothers showing effects of difTcrent diets upon skeletal develop¬ 
ment. From the age of one month, corresponding to the third year in human 
life, the normal rat had received a diet of wheat, meat, and milk; the stunted 
rat, a diet of the same wheat and meat without the milk. The differences in 
development here seen are chiefly due to the difference in calcium intake. 
(Courtesy of the Journal of Biological Chemistry.) 

ratio than the retention of other elements for growth. Calcium is not 
always sufficiently abundant even when the food is freely chosen. 
For the same property of being only sparingly soluble, which gives 
the needed hardness and permanence of form to our bones and 
teeth, means that food crops do not take up calcium very abundantly 
from the soils in which they grow. Hence the richness of a food in 
calcium is an important factor in its nutritive value. In fact, Amer¬ 
ican dietaries are probably more often deficient in calcium than in 
any other chemical element. Milk and some of the green leaf 
vegetables are relatively rich in calcium, and for this reason as well 
as others they are deserving of a more prominent place in our 
dietaries. 

Those who have not previously studied nutrition may be inter¬ 
ested to read, at this point, the section on calcium in Chapter 4 of 
Sherman and Lanford's An Introduction to Foods and Nutrition, 
or in Chapter VIII of their Essentials of Nutrition, Revised Edition, 
or both. A fuller account may be found in Sherman’s Calcium and 
Phosphorus in Foods and Nutrition, recently published by the 
Columbia University Press. 

Recent researches show unexpectedly important long-run benefits 
from the habitual use of dietaries richer in calcium than “dietary 
standards” and “recommended allowances” have usually demanded. 
For while it is true that the body stores surplus calcium in the 
sparingly soluble form of bone mineral, vet a good share of this 
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stored surplus goes to an increased development of bone trabeculae 
which are of great value to the body in helping it more quickly to 
recover from any of the many vicissitudes which may tend to lower 
the important calcium content of the blood and soft tissues. 

Magnesium. Along with the calcium salts there are smaller 
amounts of magnesium salts in the body. The amounts of magnesium 
furnished by the food are, however, usually so much more than suffi¬ 
cient for the body's needs that we are not obliged to consider the 
magnesium requirement of the body or the magnesium content of 
the food as a practical problem in nutrition and food values. 

Potassium. What has just been said of magnesium is usually true 
also of potassium. Potassium is so widely and abundantly distributed 
among natural food products of both plant and animal origin, that 
though it plays a very important role in our bodies we can nor¬ 
mally trust to chance that we will receive enough of it in our food. 

Sodium and chlorine. Sodium chloride (common salt, table salt) 
is an essential constituent of the blood and other body fluids. It also 
is now such a cheap and popular condiment that it is commonly 
added to the food in quantities which make the natural chloride 
content of the food a matter of no practical consequence in the con¬ 
sideration of nutritive values. 

Iron. While it is now well established that simple inorganic com¬ 
pounds of iron can, under favorable conditions, be utilized in nutri¬ 
tion, yet it is evident that normally the body gets most of its iron 
from its food. The iron content of the food is, therefore, a significant 
factor in its nutritive value, for iron plays a very important part in 
nutrition, being an essential constituent of the important substance 
hemoglobin. Recently it has been found that a person whose gen¬ 
eral nutrition is good can use iron more economically than was pre¬ 
viously supposed. Also it has become customary to “enrich” white 
flour and bread, and to “restore” highly milled breakfast cereals, 
with added iron. These facts tend to give us reassurance as to the 
probable adequacy of most American dietaries as sources of iron for 
our normal nutrition. Hence, in studying the different articles or 
types of food in subsequent chapters, while we shall give occasional 
attention to their iron contents; we shall feel at liberty to ignore 
some still-open questions as to the average amount and the nutri¬ 
tional availability of the iron in some individual foods. For we now 
have fairly satisfactory justification for the belief that a normal 
human body receiving a dietary good in other respects and com- 
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posed of reasonably natural (or "enriched” and “lestorcd") foods 
may reasonably be expected to get enough food iron with little if 
any further planning. Any person not normal should, of course, 
have medical advice as to diet and as to whether medicinal iron 
should be taken temporarily. (Medicinal iron may sometimes be 
therapeutically helpful in correcting an anemic condition even 
when the anemia has been caused by something else than shortage of 
iron in the food.) 

Also the body may be greatly helped in utilizing the iron received 
in its food if the dietary is well balanced in such ways as containing 
liberal amounts of calcium, riboflavin, and vitamin C (ascorbic acid). 

Copper. About 1928 it was found at the University of Wisconsin, 
that copper, while not a constituent of the hemoglobin molecule, 
seems to play some necessary part in its formation in the body. Thus 
copper was added to the list of nutritionally essential elements. 
This called for some revision of our ideas, for previously copper was 
thought of in connection with foods as a more or less deleterious 
substance whose presence in appreciable amount was to be regarded 
in any case with suspicion and in most cases as constituting adultera¬ 
tion. However, this is perhaps more an apparent than an actual 
conflict of views. The amount of copper needed in nutrition is so 
exceedingly small, that the amounts which might be introduced 
through (for instance) the greening of peas or of pickles might be 
so many-fold the normal nutritional intake as to overstep the limits 
of entirely wholesome disposal in the body. 

Manganese, zinc, and cobalt are now held to be presumably 
essential to normal human nutrition, but needed in such small 
amounts that dietaries containing reasonable proportions of natural 
foods may be trusted to supply enough of these elements without 
further planning. 

Iodine stands in a somewhat different relation. While it is 
regularly needed in our normal nutrition we do not usually depend 
chiefly upon our foods for it because we generally get it more largely 
through drinking-water and table-salt. Sea-salt and the natural 
products of most salt mines and brine wells contain iodine in the 
form of iodide naturally occurring along with the larger proportion 
of chloride. But highly refined salt, or even the natural product of 
some especially pure deposits of sodium chloride, may contain so 
little iodide as to call for supplementation. This is most easily ac¬ 
complished by the regular use of “iodized salt”—table salt “forti- 
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lied” with a very little iodide—which should not be considered as 
medication but only as restoration of a natural mineral nutrient. 

VITAMINS AS FACTORS IN FOOD VALUES 

Only a few decades ago, scientific knowledge of foods and nutri¬ 
tion stood in the confusing position that, while a chemist could 
analyze a food (if the case justified the expense) into many elements 
and compounds, and account in terms of these for almost as nearly 
100 per cent of its weight as is expected in analytical chemistry 
generally, yet he could not support normal nutrition on a mixture 
of the substances which the chemical analysis revealed. Moreover, 
the purer the constituents of such a mixture of isolated substances 
the sooner would it fail to support normal nutrition—an added em¬ 
barrassment at a time when food chemists owed their positions so 
largely to “pure food” problems! Evidently, for the full evaluation 
of foods, something more was needed than the analytical chemistry 
then known. So, just as the chemist had previously learned to use 
physical instruments and methods as tools in his chemical work, so 
he now learned to use living animals as instruments of chemical 
research and as reagents to reveal the more elusive chemical factors 
of food value. 

No sooner had chemists accustomed themselves to the use of 
laboratory animals in the study of the chemistry of foods and nutri¬ 
tion, than they began to be rewarded by the discovery of substances, 
each the key to some previously baffling disease and all playing 
essential parts in the normal nutritional processes of our bodies. 
Vitamin A prevents nightblindness. Vitamin B (B,, thiamine) pre¬ 
vents beriberi and some other forms of neuritis. Vitamin C prevents 
scurvy. Vitamin D prevents rickets. And so on. 

Moreover, this new knowledge is not only preventive and cura¬ 
tive; it is also constructive. It gives concrete meaning and imple¬ 
mentation to the principle so well taught by J. F. Williams, that 
health is not only the absence of disease; that, rather, it is a positive 
quality of life which can be built to higher levels. After several 
years advocacy of this view. Dr. Williams remarked upon the slow¬ 
ness of its effective adoption by people generally. Now, after several 
years more, the fact that better nutritional guidance of food habit 
can build health to higher than merely normal average levels is 
rapidly becoming more effective, probably chiefly because the in¬ 
creasing accuracy of nutritional experimentation is carrying its find- 
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ings on through the realm of opinion into that of indubitably 
established fact. 

In this field as in many others, discovery is often not an isolated 
event but rather a gradual growth of evidence until finally it be¬ 
comes convincing. In a sense, therefore, one can choose his own “dis¬ 
coverer of vitamins,” according to his own reading of the early 
evidence. 

To the minds of most of us, it was the late Professor F. Gowland 
Hopkins of Cambridge University who first made fully clear and 
convincing the fact that normal nutrition requires something more 
than proteins, fats, carbohydrates, and compounds of the mineral 
elements.* He showed that even relatively small amounts of milk 
(fresh or dried), or of the alcohol-soluble organic material of milk, 
and some other natural foods, have a very marked influence upon the 
growth and survival of young animals kept on a diet of (otherwise) 
artificially purified food substances, however carefully these were 
chosen to include the right kinds and amounts of proteins and of 
all the mineral elements required. Some of Hopkins’ results are 
shown in Figures 4 and 5. 

Hopkins announced these findings in 190G, though the full ac¬ 
count of his work did not appear until 1912, by which time Osborne 
and Mendel had published similar observations. 

It soon became evident that Hopkins’ natural foods and alcohol 
extracts contained both fat-soluble and water-soluble nutritionally- 
essential substances; and McCollum proposed the names “fat-soluble 
A,” and "water-soluble B.” Meanwhile Funk had coined the term 
vitamin(e). 

Drummond combined the two systems of nomenclature, and 
the three such substances then known became vitamins A, B, and 
C. Several other substances, not all of which are essential to human 
nutrition have also been called vitamins, in which sense the term 
has been confusingly over-popular. Hence there has also been a 
trend toward retiring the word vitamin in favor of names carrying 
individually significant connotations. Thus ascorbic acid (vitamin 
C) connotes the historically significant scurvy-preventive property; 
while thiamine suggests something of the actual chemical nature 
of vitamin B (B x ). 


• Air and water are, of course, also nutrients in the sense that they enter 
essentially into the nutritional processes. But in this hook, as in most others, 
air and water are taken-for-granted in the interest of conciseness of statements. 
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Fig. 4. Growth curves of rats. Lower curve, six rats on artificial diet alone. 
Upper curve, six similar rats receiving in addition 2 cc. of milk each per day. 
Abscissae time in days; ordinates average weight in grams. (Courtesy of Dr. 
F. Gowland Hopkins.) 



Fig. 5. Growth curves of rats. Lower curve (up to 18th day) represents rats on 
purified food; upper curve, similar rats having 3 cc. milk each per day in 
addition to this food. On the 18th day, marked by the vertical dotted line, the 
milk was transferred from one set to the other. Abscissae, time in days; ordinates, 
average weight in grams. (Courtesy of Dr. F. Gowland Hopkins.) 



VITAMINS 


2 :’» 


As it is still too soon to know just which vitamins arc required 
in human nutrition we shall, in this hook, treat only such as are 
now considered essential to our normal nutritional processes and 
of which we have sufficient other knowledge to permit of our treating 
them in due relation to our evaluation of foods. These will be: 
Vitamin A, and its precursors; thiamine, riboflavin, and niacin 
from the vitamin-B group; vitamin C (ascorbic acid); with only brief 
mention of vitamins D, E, k. and M (folic acid). 

For the chemical constitutions and in vitro reactions of the vita¬ 
mins, see textbooks of organic and biological chemistry or the 
writer’s Chemistry of Food and Nutrition, Seventh Edition. 

Vitamin A and its precursors. The existence of vitamin A was 
discovered through feeding experiments in which it was found that 
young animals would grow and thrive or stop growing, sicken, and 
ultimately die, according as the sole fat in their dietaries was butter- 
fat or lard. Further experiments soon showed that egg fat and cod- 
liver oil also are relatively rich in this nutritionally essential fat- 
soluble substance, while most other fats and oils resemble lard in 
containing it in relatively insignificant amounts if at all—except, of 
course, when they have been “fortified” with added vitamin A as 
is now the case with most of the margarine sold in this country for 
table use. The stunting of growth and the general weakening and 
loss of alertness and tone, which result from insufficient vitamin A 
value of the diet are shown in Fig. 6. We speak of the vitamin A 
value (rather than content) of a diet because many foods contain pre¬ 
cursors either instead of, or in addition to, vitamin A itself. Vitamin 
A itself has been found only in animal products, but green and 
yellow vegetables may have good vitamin A value through the pres¬ 
ence of carotene —a precursor, or provitamin A —which is changed 
into vitamin A in the animal body. Such animal products as butter, 
yellow body-fat, and egg-yolk oil, normally contain both vitamin A 
itself and some unchanged carotene. 

The prominence of vitamin A in the fats of milk and of eggs is 
very suggestive of its importance to the nutrition and development 
of the young throughout a wide range of animal species, which 
doubtless means that its relations to growth and development are 
very fundamental. Both laboratory experimentation and clinical 
experience have confirmed this, and have further shown that the 
nutritional functions of vitamin A extend to all parts of the body 
and throughout the life cycle. The eyes, the skin, and the mucous 
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mcmbiancs are prominent among parts of the body which are sub¬ 
ject to injury from shortage of vitamin A; but to discuss either the 
chemistry of the functioning of vitamin A in vision, or the patho¬ 
logical effects of vitamin-A deficiency upon eyes, skin, or lining 



Fig. 6. Photographs of twin brothers taken on the same scale. The difference, 
which is shown in si/e, sleekness, muscular tone, and general vitality, is at¬ 
tributable to difference in vitamin A intake. (Reproduced by permission of The 
Forsyth Foundation.) 


membranes would lead us beyond the scope of this book. Here, it 
must suffice to say that vitamin A values are now well recognized 
as constituting an important factor in the adequate evaluation of 
individual foods and of dietaries or food supplies. 

Recent experiments continued thioughout entire life-times and 
successive generations of large numbers of rats have shown that al- 
ready-normal life histories are improved when the vitamin A value 
of the diet is increased to twice the level hitherto commonly con¬ 


sidered as “standard'' 


or as a “recommended allowance” 


in dietetics. 


In the rat families receiving the diet of higher vitamin A value, 
growth is slightly more rapid and distinctly more uniform (steadier), 
the “useful life span” or period between the attainment of maturity 
and the onset of senility is extended, and the average longevity of 
the adults is increased about ten per cent. There is strong scientific 
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reason for believing that dietaries of similarly high vitamin A value 
are similarly beneficial in human nutrition. It is noteworthy that 
the longer life induced by more liberal vitamin A docs not mean a 
longer old age but a longer "period of the prime.” 
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Fig. 7. Average gains of rats fed different amounts of vitamin A after having 
been depleted of their bodily store. Figures opposite end of each curve represent 
re. tive amounts of vitamin A fed. A broken line is used to indicate that one 
oi more rats have died. When all animals died before the end of the 8 weeks' 
period (K), the curve is terminated at a point representing the average weight 
and age at death (D). (Courtesy of the Journal of Biological Chemistry.) 

The accepted unit of vitamin A value is the same whether 
called International Unit (I.U.) or U. S. Pharmacopeia (U.S.P.) 
unit. It was defined as the value (in a standardized feeding experi¬ 
ment) of 0.6 microgram of crystallized beta-carotene as originally 
distributed by the vitamin committee of the League of Nations. 
For the purposes of the U. S. Pharmacopeia organization the actual 
working standard is a U.S.P. official "Reference" codliver oil dis¬ 
tributed by the Pharmacopeia Organization with the statement that 
its value is (so many) Units per gram. 

Fig. 7 shows average growth curves for different relative amounts 
of vitamin A as determined by Dr. E. L. Batchelder (Sherman and 
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Batchelder, 1931).* Another way of making the comparison of a 
food with the standard substance or sample is the method of single 
feedings worked out by Dr. Todhunter (Sherman and Todhunter, 
1934). 

There also are methods for the determination of vitamin A and 
of carotene(s) in vitro which, of course, are much less time-consum¬ 
ing and expensive than the quantitative feeding experiments, but 
which necessitate assumptions that may or may not command the 
confidence needed for the purpose in question. To generalize about 
the accuracy of these in vitro methods would be premature at the 
time of this writing. 

But while there are still doubts as to the precise accuracy of the 
supposed average vitamin A values of some foods, most readers 
may well consider that these questions are of relatively minor im¬ 
portance compared with the far-reaching problem of the level of 
intake of vitamin A value that the dietary should provide in order 
that its consumer may derive the full potential benefit of our new 
knowledge of nutrition. 

For (as mentioned above) recent research is showing with full 
statistical conclusiveness that successively higher intakes of vitamin 
A value result in correspondingly increased benefits to long-run 
nutritional well-being, up to levels at least twice as high as generally 
accepted standards, and probably still higher. Thus the vitamin A 
value of a food is a more potent factor than could hitherto have been 
fully understood. And we know which foods are of high value in this 
respect even if precise measurement still presents a problem. 

Thiamine (vitamin B or B,) is essential to the growth of the 
young, and to the maintenance of appetite, good digestion, and 
health at all ages. It is also specifically concerned in the metabolism 
of carbohydrate and the functioning of the nervous system. Wilder 
and his coworkers have emphasized the danger of neurasthenia with 
decline of neuromuscular coordination and morale in chronic cases 
of even moderate degrees of shortage of thiamine in the dietary. 
Thiamine is, however, widely distributed among natural foods of 
both plant and animal origin, and now that a large proportion of 

the milled products of our food supply is “enriched” or “restored” 

% 

* In accordance with the convenient and increasingly prevalent custom, a 
name or names immediately followed by a date gives notice to the reader that 
the title and place of publication may be found in the next following list of 
references. In this book, such a list is appended to each chapter. 
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by addition of thiamine, it is only necessary to give reasonable em¬ 
phasis to natural foods, avoiding unduly large use ol aitilicially 
separated sugars and fats, in order to maintain a satisfactory level 
of thiamine in the dietary. To refrain Irom taking too large a pro¬ 
portion of our food calorics in artificially relined foods is to safe¬ 
guard our intake of thiamine, iron, and phosphorus and of several 
of the "trace elements" at the same time. 



Fig. 8. Premature senility due primarily to shortage of riboflavin. (Courtesy of 
Doctors Bertha Bisbey and Margaret R. Sandcls.) 


Riboflavin is the substance formerly called vitamin II., or G, 
though the usage of these three terms has not always been strictly 
synonymous. Riboflavin is widely distributed in natural foods of 
both plant and animal origin; but quantitatively its distribution is 
more uneven than that of thiamine and the amounts of it needed 
in nutrition are larger, so that in planning our dietaries there is 
greater need of care to secure liberality of intake of riboflavin than 
of thiamine. Experiments extending throughout entire lifetimes 
and successive generations of laboratory animals have shown that, 
with riboflavin as with vitamin A, extra liberality of intake is a con¬ 
structive factor in building health to higher levels. I-'or this to be 
understood and appreciated, it must be kept in mind that both the 
bad effects of shortages and the good cfTccts of extra liberal intakes 
are, in the case of riboflavin, relatively slow to appear. Discussion of 
the detailed pathology of riboflavin deficiency would lead us bevond 
the scope of this book. Fig. 8 illustrates premature senility resulting 
primarily from chronic moderate shortage of riboflavin. 

Niacin is the modern food-and-nutrition name for the substance 
previously designated in chemical literature as nicotinic acid (with 
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or without the closely related and nutritionally similar, nicotinic 
acid amide). This is most commonly known as the pellagra-preven¬ 
tive factor—though it should be kept in mind that most people 
hitherto clinically designated as pellagrins have been victims of 
more than one nutritional shortage and not of niacin deficiency 
alone. At piesent there is some tendency to limit the term pellagra 
to niacin deficiency (aniacinosis) alone, but it is too early yet to 
know whether this will become the general usage. As a factor in 
food values, niacin is in a peculiar position in that while we need 
it in our nutritional processes, we are not correspondingly dependent 
upon the amounts of it contained in our food. The chief explana¬ 
tion appears to be that certain species of bacteria, normally present 
in the human digestive tract, make for us as much niacin as we 
need if our food habits are such as to favor the development and 
activity of these ‘‘friendly germs.” Milk and green vegetables seem 
thus to provide us indirectly with much more niacin than the 
amounts that they contain as we eat them. 

Vitamin C and ascorbic acid are strictly synonymous terms which 
are used interchangeably to minimize monotony and in order that 
the student may become fully familiar with both. The quantitative 
distribution of this nutrient in nature is extremely uneven. Hence 
dietaries may be much alike in their other nutritive values and yet 
be very different in vitamin C value because of differences ftl our 
choice of foods. Though the evidence is as yet (1948) of a different 
kind, it appears probable that with vitamin C, as with calcium, 
vitamin A, and riboflavin, a generous margin of intake, above the 
level of directly demonstrable need, is or may be a constructive 
factor in the building of such "positive” or "higher” health as in¬ 
creases resistance to certain unfavorable vicissitudes at all ages, in¬ 
creases adult vitality and efficiency, and defers the aging process. 
Partly because of this high estimate of its value, partly because it is 
labile and therefore may be largely lost if not safeguarded, and 
partly because rapid in vitro methods were devised relatively early 
for this vitamin, there has been and still is much activity in the 
study of the causes and extent of variations in the ascorbic acid or 
vitamin C contents of foods (to which many references will be found 
in subsequent chapters). 

Vitamin D constitutes —or, more strictly speaking, the vitamins 
D constitute—the rickets-preventing factor which occurs in measur¬ 
able amounts in relatively few of our staple foods, but of which we 
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now have well-recognized rich souues in die fish-liver oils am! in the 
pharmaceutical forms prepared by artificial irradition with ulna- 
violet light. Viosterol is the name coined 1>\ the Council ol Pharmacy 


and Chemistry of the American Medical Association lot prepatations 
of this kind. Because the fish-liver oils are now so familiar, so uni¬ 
versally approved by medical opinion, and so readily available and 
commonly used, there is relatively little occasion to bring the vita¬ 
mins D into our present-day study of lood other than eggs and vita¬ 
min D milk. 


Vitamins E and K are to a still greater extent treated as medical 
responsibilities rather than as factors in our normal considerations 
of food values. 


Of vitamin M, folic acid, pteroylglutamic acid, it is perhaps too 
early yet to judge whether it is predominantly a pharmacological 
responsibility or equally a factor in food values. 


SUMMARY OF THE FUNCTIONS OF FOOD 

Much the largest part of the total solids of the food is burned 
in the body and yields energy for the support of its activities. Even 
during growth most of the fat and carbohydrate and the greater part 
of the protein is so used. 

Part of the protein of the food is used as a source of body pro¬ 
tein, or, as it is often expressed, is used to build tissue. Several ele¬ 
ments not contained in most proteins are also essential to the tissues 
of the body and these are derived from the mineral elements or ash 
constitutents of the food. The calcium and phosphorus of the bones, 
the potassium and phosphorus of the soft tissues, the iron of the 
red blood cells are just as necessary building materials as are the 
proteins, though the amounts required are much smaller. 

Water, salts, and vitamins take part in many functions which 
have to do not so much with the actual construction or repair of 
the tissues as with the regulation of the processes on which the 
nutrition of the body depends. 

It may therefore be said that the functions of food are: 

(1) To yield energy for the work and warmth of the body. 

(2) To furnish material for the building and upkeep of body 
tissues. 

(3) To regulate body processes and conditions. 

It is not to be inferred that any given food substance can be 
assigned once for all to some one of these three general functions. 
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A nutrient may function in more than one way. Thus the protein 
digestion products may serve to yield energy, to build tissue, and 
to furnish material for certain regulatory substances; phosphates 
may serve both to build tissue and to assist in regulating the neu¬ 
trality of the blood and tissues; and many other examples could be 
given. 

Since the same kind of foodstuff may function in more than one 
way and since more than one kind of foodstuff may contribute to 
the meeting of certain of the nutritive requirements—proteins, fats, 
and carbohydrates all serving as sources of energy, for example 
—there is often wide scope for the exercise of knowledge and 
judgment in the choice of articles of food to meet the needs of 
nutrition. 

When human health or physique is impaired through subsistence 
upon a nutritionally faulty dietary or food supply, as in four of the 
five children shown in Fig. 9, the fault may be a shortage of only 
one, or of more than one, nutrient; and it may or may not be fully 
corrected by increased consumption of some one food commodity, 
as illustrated in Fig. 10. 

It was known that the stunted children of Fig. 9—the result of 
food shortages in Central Europe during and immediately after the 
First World War—had received too little (when any) milk, and had 
been obliged to subsist too largely upon bread, inadequately sup¬ 
plemented by uncertain supplies of fruit and vegetables. The nutri¬ 
tional problems thus presented were studied by animal experimenta¬ 
tion planned sometimes in terms of individual nutrients (Cf. Figs. 
3, 6, and 8) and sometimes in terms of natural articles of food, as in 
Fig. 10. Here the allowance of one fifth of the food calories in the 
form of apple permitted longer survival than upon bread alone; but 
did not permit growth as did an allowance of one fifth of the food 
calories in the form of milk. Discussions, in later chapters, of the 
place of a given type of food in the diet are based in part upon 
chemical analyses and in part upon controlled feeding experiments 
with actual articles of food as in those illustrated by Fig. 10. 

The food as a whole must furnish; 

(1) Enough of the digestible organic foodstuffs to supply the 
body’s needs for energy, usually measured in terms of Calories. 

(2) Enough protein of suitable sorts to meet all needs for essen¬ 
tial amino acids. 




Fig. 9. Five children of (he same race, place, and age (7-8 years). "Food made 
the difference.” Austrian children observed by British medical relief workers in 
Vienna subsequent to the First World War. (Courtesy of the Extension Service, 
II. S. Dept. Agriculture.) 


(3) Adequate amounts and proper proportions of the mineral 
elements or ash constituents of the food. 

(4) Enough of each of the vitamins needed by the species 
whose nutrition is being considered. As a rule only human nutri¬ 
tion will be considered in connection with the present study of 
foods. 

Modern commerce offers us a vast array of articles of food, which 
vary greatly in nutritional significance. Only by applying a fairly 
comprehensive knowledge of food products can these be used to 
the best advantage of health and purse. 
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Fi S . 10. I win sisters led fiom weaning-time. the one on the tight, on bread 
(HO pet cent) and milk (20 per cent), and the one on the left, on bread (80 
per cent) and apple (20 per cent) oi the food calories. Others of the same litter 
fed bread alone or bread and meat had died before this photograph was taken. 
I he apple had contributed to survival while milk in the same proportion had 
.so supplemented bread as to permit normal growth. 
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CHAPTER II. GENERAL PRINCIPLES OF FOOD 
CONTROL AND MANAGEMENT 


Although the words control and management could in some 
connections be considered interchangeable, yet as relating to food 
they have acquired somewhat different connotations. Food control 
tends to suggest the “policing” of the food supply, while food man¬ 
agement tends to include both food control and food economics in 
the broadest sense. 

The United Nations Food and Agriculture Organization named 
its first subject-matter committee the Committee on Nutrition and 
Food Management, and for its purposes defined these terms as 
follows: “Food management is the technique of making the best use 
of food production and distribution to satisfy nutritional needs. 
Nutrition is the science that defines these needs and the adequacy of 
individual foods or diets to meet them.” 

As Boudreau also puts it, to apply fully the principles of food 
management is to make the best use of actual and potential food 
resources. 

The food crops of the United States represent more than half of 
the total value of all its natural products, or about twice that of all 
other farm products, or over twice that of all the products of its 
mines and its forests combined. 

The products of the mines and fo*ests may be subjected to more 
elaborate processes of manufacture and so may be increased in 
money value in greater ratio before reaching the consumer than are 
the food products; but even so we find from the census returns that 
in value of finished as well as of natural products the food industries 
are very prominent. Among the manufactures, as classified by the 
United States Census, the annual product of the meat-packing estab¬ 
lishments exceeds in money value that of the foundries and machine 
shops. The product of the flour and grist mills is about equal in 
money value to that of either the rolling mills, the lumber mills, or 
the cotton mills of the country. 

The size to which many of the food manufacturing establishments 
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have grown makes it possible to effect large economics or make great 
advances, through what are apparently quite modest improvements 
in process or product. Hence many food industries have been 
brought in large degree under scientific control for the sake of 
economy in processes, improvement of staple products, and advan¬ 
tageous utilization of by-products. 

With the food industries tending more and more to become 
highly centralized commercial enterprises and with a decreasing 
percentage of the people in position to produce more than a fraction 
of their own food, it is natural that consumers have sought to safe¬ 
guard their food supply through legislation, and this not only as a 
health measure but as an economic measure as well. 

“Half the struggle of life is a struggle for food” in the sense that 
a majority of the world's people must spend as much of their time 
or their earnings in providing themselves with adequate food as 
with all other necessities combined. A family in comfortable circum¬ 
stances may spend as much for rent and (too often perhaps) as much 
for clothing as for food. But tire food is more nearly a fixed require¬ 
ment than are the other items of the cost of living. Hence as we 
pass to the larger numbers of families who must live on smaller 
incomes we find that while expenditures for food are less among 
the poor than in well-to-do families of the same size, yet in general 
it is not feasible to diminish the expenditure for food in the same 
ratio that the income is diminished, so that the smaller the income 
the larger the proportion of it that must go for food if the health 
and efficiency of the family are to be maintained. 

Or as one writer puts it: “The less the worker gains the more he 
must invest in food, renouncing of necessity all other desires.” 

Moreover, with the development of modern industry, popula¬ 
tion has concentrated in cities, towns, and villages to such an extent 
that the majority of people must buy much the greater part of their 
food, and the food is brought from ever longer distances and dis¬ 
tributed under conditions which make it increasingly difficult for 
the consumer to exercise any direct individual control over the 
methods by which his food is produced and handled. When the 
majority of the people in any community find themselves in this 
position, they naturally tend to substitute for the individual control 
which is no longer feasible a collective control of their food supplies 
through legislation and official inspection. 

In the United States these considerations led to the passage of a 
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Federal Food and Drugs Act, commonly called the Pure Food Law, 
which was signed June 30, 1906 to go into effect January 1, 1907. 
Since that time our food supply has been fairly well '‘policed" as 
will be described in brief outline in this chapter. Nutrition investi¬ 
gations had been begun in 1894—95. It is of interest to note that the 
first recognition by the United States government of its concern with 


the problems of human nutrition was contained in the Department 
of Agriculture Appropriation Act passed August 8, 1894 for the 
Fiscal Year 1895. This read as follows: 

"NUTRITION: To enable the Secretary of Agriculture to in¬ 
vestigate and report upon the nutritive value of the various articles 
and commodities used for human food, with special suggestion of 
full, wholesome, and edible rations less wasteful and more economi¬ 
cal than those in common use, ten thousand dollars; . . . .” 


Here improvement of human nutiition is clearly the purpose: 
yet the immediate subject-matter of the investigation is indicated in 
terms of food products and food management. 

But meanwhile we have grown to a much fuller concept of the 
functions of Government in regard to our food. With two world 
wars and an unprecedentedly severe and prolonged economic de¬ 
pression, all within the space of one generation, we have been 
awakened to the need of thinking of our food supply not only with 
reference to its freedom from adulteration and misbranding but 
also as to its adequacy to the good nourishment of all our people. 
And latterly we have been realizing that we also want adequate 
food supply to be equitably distributed. As we wish safe water sup¬ 
plies for all, and schools for all children, so we also wish that every 
child shall have the food he needs for health. 


MODERN CONCEPTS OF FOOD POLICY AND MANAGEMENT 

Today’s views of governmental functions with respect to food 
and nutrition tend to group these somewhat as follows: 

Ascertaining the amounts of nutrients needed by the population 
which is to be fed. 

Formulation and promotion of food-production goals to furnish 
the needed nutrients. 

Increase of efficiency in marketing foods. 

Education in nutrition and food values. 

Improved social distribution of foods, as through school lunches 
or food allotment plans. 
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Improvement and conservation of nutritive values of foods. 
Protection of the consumer against adulteration, deterioration, 
or misrepresentation of foods. 

All these are in part governmental functions and in part respon¬ 
sibilities of the individual or family consumer. Let us consider each 
»n turn. 

Amounts of nutrients needed by a population are computed 
from census data of the numbers of people of each age, sex, and 
category of activity, and from estimated average needs or allow¬ 
ances for each person in terms of each of the nutrients (or nutri¬ 
tional factors) which we deem it sufficiently important to take into 
our quantitative accounting. The task would be almost prohibitively 
time-consuming if we tried to take quantitatively into the account¬ 
ing each one of the forty-or-so nutritional factors now recognized as 
essential. We omit from specific quantitative calculation all those 
which we deem it safe to leave to chance. In this way the National 
Research Council keeps its Table of Recommended Dietary Allow¬ 
ances down to ten columns of figures. These are respectively for: 
calories, protein, calcium, iron, vitamin A value, thiamine, ribo¬ 
flavin, niacin, ascorbic acid (vitamin C), and vitamin D.* But two 
of these, while needed in our nutritional processes, we do not have 
to get entirely or almost entirely through our food, as we do the 
others. These are niacin and vitamin D which can therefore be 
omitted from quantitative calculation of what the nation’s food 
crops or the family food supply must contain. 

Adjustment of production goals, while aiming primarily to pro¬ 
vide for the nutritional needs of the population, may provide also 
for the exportation of such kinds of food in such amounts as gov¬ 
ernmental policy deems wise or as public opinion may demand. The 
crop goals may also provide for the diversion of certain fractions of 
the potential food crops to animal feeding and to industrial uses. 
Every food-conscious citizen should make it a part of his civic duty 
to call upon Government if and when necessary to see that prospects 
of money profits are not allowed to divert so much potential food to 
other uses as to endanger the full nutritional adequacy of the food 
supply within reach of each family. The degree of success attained 

• The full table of Recommended Dietary Allowances with explanatory notes 
is obtainable by application to the National Research Council, 2101 Constitution 
Ave., Washington, D. C. It is, of course, subject to revision at any time. 



FOOD POLICY AND MANAGEMENT 4] 

and maintained during the Second World War, both in the United 
Kingdom and in the United States, was such as to show conclusively 
that goals of good nutrition for all the people can he realized now 
in these and some other countries. And from now on each year 
should see more countries bringing themselves abreast of the simple, 
but fundamental and far-reaching, ideal of "enough of the right 
kinds of food." Only when and where enough of the right kinds of 
food for full health is within the reach of all the people, can there 
be that "fair chance for all" to which in principle we dedicate our 
efforts and our resources. Governments should concern themselves 
with steady progress toward this ideal until it is attained, and steady 
maintenance of it thereafter. And individuals should support gov¬ 
ernment policy to these ends, not only as vocally and politically 
expressed public opinion, but also through their food habits and 
market demands as consumers. A nutritionally guided consumer 
demand is a more potent factor than most people yet appreciate in 
bringing about the food supply conditions which permit the build¬ 
ing of the higher health. 

Increased efficiency in marketing foods is, of course, closely linked 
with the promotion of production goals as a part of the general na¬ 
tional "supply program.” Also the people of any given State or city 
may provide such improved marketing facilities as shall not only 
prevent waste but also tend to make such a city or region a preferred 
market outlet in the view of the producers. In 1945 Governor Dewey 
put improved marketing first in suggesting what New York could 
do to improve the food supply reaching its people. 

Education in the nutritive values of foods and the importance of 
nutrition to health and efficiency is, of course, by far the strongest of 
the foundations upon which to build the food habits that can bring 
higher health and more efficient and satisfying lives within the reach 
of an ever-increasing proportion of the people. Fundamentally im¬ 
portant as is this fact, it may not need detailed exposition or argu¬ 
ment here; for presumably it is an awareness of the importance and 
interest of food-and-nutrition education which has brought the 
reader to these pages. All interested in such teaching may well keep 
in mind two principles, emphasized by students of food habits and 
nutrition education whose approach is more psychological and social- 
economic than those of “pure” scientists are reputed to be. These 
are: Margaret Mead’s finding that food habits should be taught not 
dogmatically nor by reliance upon psychological tricks, but with the 
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dignity of scientific advances of knowledge; and Margaret Reid’s 
expert advice that the teaching of the new knowledge of foods and 
nutrition to an ever wider public will be more effective the less it is 
burdened with technical terms and elaborate derivations. 

How the benefits of the new knowledge of nutrition can be spread 
as widely and as promptly as possible, is both an educational and 
an economic question. In addition to whatever direct economic 
measures may be undertaken, the teaching of the principles of nu¬ 
trition, of the nutritive values of foods, and of the relation of foods 
and nutrition to health should be carried on constantly in schools 
of all grades as well as through the available means of adult educa¬ 
tion. With the spread of the knowledge of the very great influence 
of nutrition upon health there logically and properly comes in¬ 
creasingly keen desire that all children be sufficiently well fed to be 
healthy and able to profit by the educational opportunity which we 
offer all children through the schools. And the fear of doing some¬ 
thing ‘‘too paternalistic” tends to disappear in the clearer light of 
the importance of good nutrition to social justice. 

Improved social distribution of food is exemplified in the marked 
development of school feeding. Many people also feel that pregnant 
and nursing mothers, infants, and preschool children are perhaps 
as ‘‘vulnerable” as are the children in school and that the adequacy 
of their nutrition should in some way be looked after by the guard¬ 
ians of the public health. In view of the close relation between 
poverty and malnutrition, a bill to provide for a national food allot¬ 
ment plan has been introduced in the United States Senate. The 
purpose is to bring adequate nutrition within reach of families 
whose incomes are so insufficient as to constitute a hazard of mal¬ 
nutrition. The standard proposed in 1944 was the following articles 
or their equivalents per person per week: 5 quarts of milk; 4 pounds 
of potatoes and sweetpotatoes; 8 ounces of dry beans, peas, and nuts; 
I pound, 8 ounces of tomatoes and citrus fruits; 1 pound, 8 ounces 
of green and yellow vegetables; 2 pounds, 5 ounces of other vege¬ 
tables and fruits; 4 eggs; 1 pound, 8 ounces of meat, poultry, and 
fish; 4 pounds, 7 ounces of flour and cereals; 14 ounces of fats and 
oils; 12 ounces of sugars, sirups, and preserves. 

If all people should endeavor (whether through governmental or 
voluntary adjustment or some of both) to bring their levels of con¬ 
sumption into as close an agreement as practicable with those of 
the plan just outlined, the result would doubtless be a more equi* 
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table distribution of our national food supply among our people 
than we have now. 

Regardless of whether the bill embodying the above plan be¬ 
comes a law, it is of interest that any such proposal should be taken 
as seriously and discussed as favorably as this one lias been. 

Also, as the proposed allowances of foods per person per week 
were based on reputedly good scientific advice, it may be of interest 
to readers of this book to compare data of per capita consumption 
of foods as given in subsequent chapters with the allowances of tlie- 
above plan. 

Improvement and conservation of nutritive values of foods may 
be sought in at least three quite different ways: 

(A) Plants and animals may be bred for the development of varie¬ 
ties and strains that are more productive, or produce food crops 
that are richer in nutrients, or both. Or environmental conditions 
may be found which result in similarly superior food crops. For 
instance, more outdoor sunshine for tomatoes results in their having 
a higher concentration of vitamin C. Research is active in these 
fields. 

(B) Fortification (in some cases called enrichment or restoration) 
is a quick way of making some specific and limited increases in 
nutritive values of foods. Four cases are of present importance: (1) 
Fortification of milk with vitamin D (Chapter III); (2) Enrichment 
of white flour and bread and "restoration” of some breakfast cereals 
as described in Chapter VIII; (3) Fortification of margarine with 
vitamin A as described in Chapter XII; and (4) Fortification of table 
salt with iodide for the prevention of goiter (Chapter XIV). 

(C) Using such methods in harvesting, storage, transportation, 
marketing, preservation, and processing (whether industrial or in 
the home) that the original nutritive values of the food shall be re¬ 
tained in the highest possible degree. This is a very active field of 
research, some results of which will appear in subsequent chapters, 
while other results will doubtless be appearing frequently for several 
years to come. 

Protection of the consumer against adulteration, misbranding, 
or other misrepresentation, of food has been discussed in part in the 
early pages of this chapter, which sketched the general developments 
leading to governmental food control. 

In the United States, the legal regulation of the food industry 
is accomplished partly through the Federal Government by virtue 
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of its constitutional power to regulate commerce with foreign na¬ 
tions and among the several states; and partly through the police 
power inherent in the state (and often delegated in large measure 
to the city) to pass such laws and provide such regulations as are 
necessary to protect its citizens “in their rights as to health, morals, 
and property.” 

Many communities had laws or ordinances for the prevention of 
milk adulteration long before making any attempt at general regu¬ 
lation of the entire food supply. Legislation of this latter character 
developed gradually, and in 1905 about half of the states had general 
food law's. The first national law for prevention of adulteration or 
misbranding of foods or drugs (the Federal Food and Drugs Act) 
which as we said was passed in 1906, and went into effect January 1, 
1907, stimulated further state legislation, with the result that now 
nearly all states have general food legislation and inspection, and all 
ate benefited by the Federal law because so large a proportion of 
food manufacturers do more or less interstate business. 

Thus the people, while no longer able to produce their own 
food or buy it of neighbors who have produced it under known 
conditions, may still through legislation seek to ensure that the food 
they buy shall be: 

(1) What it purports to be, in kind and amount. 

(2) Free from deterioration or unwholesome additions. 

(3) Possessed of a nutritive value within the normal range of 
genuine foods of its kind. 

Most of our food laws take the form of prescribing what the 
food shall not be rather than what it shall be, and these prohibitions 
are usually classified under the two heads of adulteration and mis¬ 
branding. 

Anything which makes a food unwholesome or lowers its nutri¬ 
tive value is usually considered adulteration; while to offer a food 
under false or misleading claims as to its source, kind, quality, or 
amount is usually called misbranding. 

In view of the diversity of methods used in handling different 
kinds of foods, and the constant changing of methods to keep 
abreast of scientific developments and economic conditions, it is 
plain that there will often be room for difference of opinion as to 
whether a given trade practice shall or shall not be held to be either 
adulteration or misbranding. 
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I lie attempt to settle such questions in advance l>\ \vtitin<» tie- 
tailed specifications into the law itself may defeat its own purpose, 
since in general the more specific the wording of the law, the mote 
literally (and hence narrowly) it must be construed. 

Our present Federal ‘ pure food law" is officially the Food. Drug, 
and Cosmetic Act of 1938. Like the original Federal act of 1906 its 
purpose, as regards food, is to prohibit the movement in interstate 
commerce of adulterated and/or misbranded food. 

The full definitions and interpretations of adulteration and mis¬ 
branding are too long and legalistic for reproduction here. Thcv 


are also open to revision at any lime. Those wishing such complete¬ 
ness are therefore advised to obtain directly from the Food and Drug 
Administration, Federal Security Agency, Washington, I). C. the 
definitions and regulations which are current at the time. 

The main purport in simplified terms and as of 1946-47 is as 
follows: 


A food is deemed adulterated: 

(A) (1) If it bears or contains any poisonous or deleterious substance 

which may render it injurious to health.; or (2) any added substance 

which is unsafe.; or (3) if it consists in whole or in part of any filthy, 

putrid/or decomposed substance.; or (4) if it has been prepared, 

packed, or held under insanitary conditions whereby it may have become 
contaminated. ... or injurious to health; or (5) if it is, in whole or in 
part, the product of a diseased animal or of an animal which has died 
otherwise than by slaughter; or (6) if its container is composed, in whole 
or in part, of any poisonous or deleterious substance which may render 
the contents injurious to health. 

(B) (1) If any valuable constituent has been in whole or in part omitted 
or abstracted therefrom; or (2) if any substance has been substituted wholly 
or in part therefor; or (3) if damage or inferiority has been concealed in 
any manner; or (4) if any substance has been added thereto or mixed or 
packed therewith so as to increase its bulk or weight, or reduce its quality 
or strength, or make it appear better or of greater value than it is. 

(C) If it bears or contains a coal-tar color other than one from a batch 

that has been certified in accordance with regulations as provided by 
section 406: Provided,. 

• 

(D) If it is cpnfectionery, and it bears or contains any alcohol or non¬ 

nutritive article or substance except harmless coloring, harmless flavoring, 
harmless resinous glaze not in excess of 0.4 per cent, natural gum, and 
pectin: Provided,. 
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A food is deemed misbranded: 

(A) If its label is false or misleading in any particular. 

(B) If it is offered for sale under the name of another food. 

(C) If it is an imitation of another food, unless its label bears, in type 
of uniform size and prominence, the word “imitation” and, immediately 

thereafter, the name of the food imitated. 

(D) If its container is so made, formed, or filled as to be misleading. 

(E) If in package form unless it bears a label containing (1) the name 

and place of business of the manufacturer, packer, or distributor; and (2) 
an accurate statement of the quantity of the contents in terms of weight, 
measure, or numerical count: Provided,. 

(F) If any word, statement, or other information required by or under 

authority of this Act to appear on the label or labeling is not prominently 
placed thereon. 

(G) If it purports to be or is represented as a food for which a defini¬ 
tion and standard of identity has been prescribed by regulations as provided 
by section 401, unless (1) it conforms to such definition and standard, and 
(2) its label bears the name of the food specified in the definition and 
standard, and, insofar as may be required by such regulations, the common 
names of optional ingredients (other than spices, flavoring, and coloring) 
present in such food. 

[ (H) and (I) deal with further details of labeling.] 

(J) If it purports to be or is represented for special dietary uses, unless 
its label bears such information concerning its vitamin, mineral, and other 
dietary properties as the Administrator determines to be, and by regulations 
prescribes as, necessary in order fully to inform purchasers as to its value 
for such uses. 

(K) If it bears or contains any artificial flavoring, artificial coloring, or 
chemical preservative, unless it bears labeling stating that fact: Provided, 


Enforcement of this law lies with the Food and Drug Adminis¬ 
tration, Federal Security Agency, Washington, D. C. 

A different agency of the Government, the Federal Trade Com¬ 
mission, is responsible for suppression of misrepresentation else- 
where than on the label; as, for example, in periodical or radio ad¬ 
vertising. 

OFFICIAL DEFINITIONS AND STANDARDS 

When he deems it in the interest of fair dealing and the protection 
of the consumer, the Federal Security Administrator may, after due 
hearings, establish definitions and standards to which a given kind 
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or type of food must conform. A number (but not all) of such defini¬ 
tions and standards arc given in subsequent chapters in connection 
with the descriptions of different foods. 

FOODS FOR SPECIAL DIETARY USES 

Section 403 (j) provides for information regarding the vitamin 
and mineral contents of "foods for special dietary uses” to be given 
on the label in such form as the Federal Security Administrator may 
determine. 

Under this provision a regulation has been established for the 
labeling of such “special purpose foods" with the amounts of certain 
vitamins and mineral elements they contain in terms of the per¬ 
centage relation of the amount contained in a standard amount or 
serving of the food to the consumers' minimal requirement for that 
substance. This leads to the use, for this particular purpose, of a set 
of minimum requirement standards which are lower than the 
Recommended Dietary Allowances. 

Beginning on page 5921 of the FEDERAL REGISTER, of Satur¬ 
day, November 22, 1941, is an official interpretation with regula¬ 
tions for the enforcement of section 403 (j) * of the Federal Food, 
Drug, and Cosmetic Act in regard to the labeling of foods for special 
dietary uses. This includes (1) a general statement, (2) a somewhat 
detailed statement of “findings of fact,” and (3) regulations, Sec. 
125.01-125.08, which are, of course, subject to amendment or exten¬ 
sion at any time on due notice. The following are excerpts from that 
statement: 

"General, (a) The term 'special dietary uses,’ as applied to food for 
man, means particular (as distinguished from general) uses of food, as 
follows: 

“(1) Uses for supplying particular dietary needs which exist by reason 
of a physical, physiological, pathological or other condition, including but 
not limited to the conditions of disease, convalescence, pregnancy, lactation, 
allergic hypersensitivity to food, underweight, and overweight; 

“(2) Uses for supplying particular dietary needs which exist by reason 
of age, including but not limited to the ages of infancy and childhood; 

“ (3) Uses for supplementing or fortifying the ordinary or usual diet 
with any vitamin, mineral, or other dietary property. Any such particular 
use of a food is a special dietary use, regardless of whether such food also 
purports to be or is represented for general use. 


Cited as (j) in the section on definitions of misbranding above. 
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“ (b) No provision of any regulation under section 403 (j) of the Act 
shall be construed as exempting any food from any other provision of the 
Act or regulations thereunder, including sections 403 (a) and (g) and, 
when applicable, the provisions of Chapter V. (Sec. 403 (j), 52 Stat. 1048; 
21 U.S.C., Sup.. 343 (j)).” 

“Findings of Fact 

“1. The value of a food for any special dietary use is determined by 
its dietary properties, such as the presence or absence of a substance or 
the quantity or altered character of a constituent. 

“2. Information necessary in order to inform the purchaser of the 
value of a food for a special dietary use includes a statement of the dietary 
properties upon which its value for such use is based. 

"3. Among other dietary properties of food, certain vitamins and 
minerals are known to be essential to the normal functioning of the 
human organism; the quantity of any vitamin or mineral required is cus¬ 
tomarily expressed in terms of the quantity required each day and is re¬ 
ferred to as the daily requirement. 

“4. Deficiency in the intake of any essential vitamin, mineral, or other 
dietary property produces pathological conditions known as a deficiency 
disease, whereas, intake of a certain minimum quantity of such substance 
prevents the onset of such conditions. 

“5. The value of a food for special dietary use may depend on its 
suitability for the treatment of a deficiency disease. 

“6. The quantity of a vitamin, mineral, or other dietary property 
necessary to prevent a deficiency disease is usually less than the quantity 
necessary for the effective treatment of that disease. 

"7. The quantity and the duration of administration of such a prop¬ 
erty for the correction of such disease may differ under different conditions. 

“8. Purchasers in general are unaware of the quantities of dietary con¬ 
stituents or the duration of their consumption necessary for the effective 
treatment of deficiency diseases. 

‘‘9. Information required by the purchaser to evaluate a food for the 
correction of deficiency diseases includes adequate directions for use. 

"10. The value of a food for special dietary use may depend on its 
content of one or more of the vitamins A (or precursors thereof), B lt C, 
D, riboflavin, nicotinic acid or nicotinic acid amide, and some other vita¬ 
mins. 

“11. The terms ‘vitamin B^ and ‘thiamine,’ the terms 'vitamin C’ 
and ‘ascorbic acid’, and the terms ‘riboflavin’, ‘vitamin B 2 ’ and ‘vita¬ 
min G’, are synonymous. 

"12. Deficiency in the intake of vitamin A produces the pathological 
conditions known as nutritional night blindness and as xerophthalmia. 

"13. Vitamin A exists as such in certain animal tissues and is produced 
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by die animal organism from precursors of vitamin A, which include the 
vegetable pigments alpha carotene, beta carotene, gamma carotene, and 
cryptoxanthin. 

"14. The vitamin A activity of food is determined by biological assay; 
an equal weight of vitamin A and of each of its known precursors, when 
reacted upon by the animal organism, do not all have the same degree of 
activity; none of such precursors has as high a degree of activity as vitamin 

A. 

"15. It is necessary, in order fully to inform the purchaser of the value 
of the precursors of vitamin A for special dietary use, that their activity 
be measured and stated as vitamin A, but that any such precursor sold 
as such be designated by its common or usual name and not as vitamin A. 

“16. Deficiency in the intake of vitamin produces the pathological 
condition known as beriberi. 

"17. Deficiency in the intake of vitamin C produces the pathological 
condition known as scurvy. 

"18. Deficiency in the intake of vitamin D produces the pathological 
conditions known as rickets and osteoporosis. 

"19. Deficiency in the intake of riboflavin produces the pathological 
condition known as ariboflavinosis. 

"20. The value of a food for special dietary use may depend on its 
content of one or more of the mineral elements calcium, phosphorus, iron, 
iodine, and possibly other mineral elements. 

"21. Deficiency in the intake of calcium or phosphorus produces the 
pathological conditions known as rickets and osteoporosis. 

"22. Deficiency in the intake of iron results in the pathological con¬ 
dition known as nutritional anemia. 

"23. Deficiency in the intake of iodine results in the pathological con¬ 
dition known as simple goiter. 

"24. The minimum daily requirements for such vitamins and minerals 
in the human diet are the quantities necessary for the prevention of such 
deficiency diseases.” 


"28. Information necessary for the purchaser to evaluate a food for 
special dietary use based on its vitamin or mineral property for which 
die minimum daily requirement has been established is a statement of the 
proportion of the minimum daily requirement for such vitamin or mineral 
supplied by a specified quantity of such food. 

"29. To be reasonably useful to the purchaser, the quantity so specified 
m ust be the quantity of the food customarily or usually consumed during 
a period of one day, or a quantity reasonably suitable for or practicable 
°f consumption during a period of one day.” 
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“71. The quantity of such a vitamin or mineral necessary to prevent 
a disease resulting from dietary deficiency of such substance, is usually 
unrelated to the quantity necessary for use in treating the disease; when 
such a vitamin or mineral purports to be or is represented for use in 
treating such a disease-, in addition to adequate directions for use, a 
statement of the quantity of the substance present in a specified quantity 
of the food is information necessary for the purchaser to evaluate the food 
for such use in terms of the best available scientific information or pro- 
fessional advice.” 

The same official statement makes provision for the special pur¬ 
pose foods which claim merit on other grounds than those of mineral 
and vitamin values, e.g., foods for infants and foods for persons 
afflicted with allergy toward some food or foods. 

The reader should especially note that this book contains ex¬ 
cerpts only, not the complete text of the law or regulations which 
should, of course, be read in full by those having reasons for a 
detailed knowledge of all the legal provisions. 

State laws may be more stringent in some respects than those of 
the Federal Government. Thus (to cite only two among several 
categories) several states have limited the time that food may be 
held in cold storage; the Sanitary Code of New York State makes it 
unlawful for any person “affected with any communicable disease to 
handle food or food products in any manner whatever,” and several 
other states have laws or regulations of similar import. 

The responsibility of the enforcement of state food laws is lodged 
sometimes with health officers, sometimes with the commissioner of 
agriculture, sometimes with a food commissioner independent of 
either the Department of Agriculture or of Health. Not infrequently 
the office of “dairy and food commissioner” has developed through 
the fact that legal regulation of the milk supply and dairy industry 
antedated general food legislation. Whatever the organization, it is 
important that the enforcement of the state food laws be in the 
hands of permanent officials, scientifically trained, gifted with good 
judgment and administrative capacity, and entirely independent of 
politics. 

State legislation and inspection may be supplemented by munic¬ 
ipal ordinances enforced by distinct corps of officers. In New York 
City, for example, the Board of Health has the power to enact a 
sanitary code which becomes law on publication without requiring 
the approval of any other body or official. This code contains gen- 
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cial rules for food control; anti additional rules and regulations to 
govern certain industries are also promulgated by the board and 
thus become part of, and have the legal force of, the code. The Board 
of Health has the power to control any food industry by requiring 
that it be carried on only under permits granted by the board. So 
long as no charge is made for these permits, the board may revoke 
them at any time without resorting to the courts. Violations of the 
sanitary code may be punished either by criminal prosecution or 
civil suit. The policy has been to bring criminal prosecution in all 
cases of actual adulteration. 

Control of the conditions under which food is sold and con¬ 
sumed. State and local officials may exercise supervision not only 
over food materials in original containers but also over the condi¬ 
tions under which these materials are offered for sale or consumed. 
Inspection of retail markets has been extended in some states to in¬ 
clude roadside stands, which have sprung up along motor highways 
and which present new and in many ways difficult problems of 
control. 

With the marked trend toward consumption of food outside the 
home, the supervision of public eating places has assumed increas¬ 
ing importance. Communities with advanced codes provide for fre¬ 
quent and thorough-going medical examination of employees, and 
sanitary inspection of the premises, as a basis for satisfactory rating 
of restaurants. 

So long as more food is consumed in the home than in restaurants 
subject to community control, the final responsibility for the family’s 
food supply rests with individual homemakers. Federal, state, and 
local food regulations have done much to ensure the wholesomcncss 
of food at the time it enters the home. Only the per son in charge of 
the household food preparation can see to it that the food remains 
wholesome until it is consumed. 

CONTROL OF FOOD ADVERTISING 

The Federal Trade Commission may act to suppress misleading 
advertising especially when the claims may be considered as unfaii 
competitive practice. In extreme cases the Post Office Department 
may invoke a “fraud order” to prevent the circulation through the 
mails of false advertising matter. 

The Council on Foods and Nutrition of the American Medical 
Association. In 1930, the American Medical Association appointed 
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a Committee on Foods ‘To prevent or discourage unwarranted, in¬ 
correct, or false advertising claims in the promotion of food products 
and thus to protect the public and the medical prolession against 
deception by untruthful or fraudulent health, nutritional, or other 
advertising claims for food.” Later this committee became the 
Council on Foods and Nutrition. One of the requirements of the 
Council is that any food accepted by it (and hence entitled to use 
the seal of the Council and the advertising pages of Association 
publications) must comply with the requirements of the Food and 
Drug Administration and of state regulatory bodies concerned with 
foocis. But also the Council is influential in many other ways—both 


as to the actual properties of foods and the terms in which they are 
advertised. For example, it has opposed the phrase “health food” or 
“tonic food.” It insists that the terms “sterile” and “sterilized” shall 
be used only in their strict scientific significance and implication. 
In order to pass upon a food product, the Council requires informa¬ 
tion concerning the nature and proportions of raw matetials used, 
the method of manufacture, chemical composition, physiological 
fuel value, evidence of sanitary conditions of preparation, of vitamin 
value, if claimed, and any special claims used in advertising. The 
manufacturer of an “accepted” food must submit all his advertising 
at regular intervals and any new claims that may be made from time 
to time. Notices of acceptance or of definite rejection are published 
in the Journal of the American Aledical Association ; but no infer¬ 
ence should be drawn from the absence of such publication, because 
of the voluntary status of the whole project and the fact that mere 
phraseology or other technical consideration involving no question 
of the merit of the food itself, may sometimes cause long delays 
either in the making of application by the manufacturer or in the 
decision of the Council. 


ADDITIONAL DEVELOPMENTS IN FOOD CONTROL 

The Federal Government has in recent years undertaken a com¬ 
prehensive program of shipping-point inspection, market news serv¬ 
ice, and standardization of various important food products. 

The standards are classified as Mandatory, Permissive, or Tenta¬ 
tive. A mandatory standard is an official standard, the use of which 
is compulsory in the conditions specified by the law under which 
that standard is promulgated, for example, the official grain stand¬ 
ards for wheat are compulsory for such grain when shipped by 
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grade in interstate commerce, according to the U. S. Grain Stand¬ 
ards Act. Other food products for which mandatory standards are 
(1946) in force aie shelled corn, oats, rye, grain sorghums, feed oats, 
mixed feed oats, and barley. 

Three federal laws have made certain standard containers com¬ 
pulsory for the marketing of fruits and vegetables. These are the 
U. S. Standard Barrel Act, and the Standard Container Acts of 1916 
and 1928. The standard bushel of 2,150.42 cu. in., established by the 
Act of 1928, having been enacted under the weights and measures 
provisions of the Constitution, applies with equal force to intra¬ 
state and interstate transactions. The Standard Barrel Act is en¬ 
forced by the Bureau of Standards of the Department of Commerce 
and, in those states which have legally adopted the Federal standard, 
by the local sealer of weights and measures. Under the Standard 
Container Acts of 1916 and 1928 mandatory standards have been 
established for climax baskets, berry boxes, till baskets, hampers, 
round stave baskets, and splint or market baskets. 

Permissive standards are worked out and recommended officialIv 
for optional use, and are often adopted by States as mandatory under 
certain conditions. Such standards are used by the U. S. Department 
of Agriculture in their market news, and in services offered under 
annual appropriation acts covering inspection of fruits, vegetables, 
hay and other perishable farm products (shipping point and market 
inspection). T hey are also used in extension demonstration work. 
For further details concerning these standards, see the Check List 
of Standards for Farm Products formulated by the Bureau of Agri¬ 
cultural Economics, which indicates the products for which stand¬ 
ards have been developed. 

Tentative standards also are published by the Department of 
Agriculture. These are still subject to investigation by the depart¬ 
ment, but are offered for use under commercial conditions to test 
their practicability or as a basis for discussion. Such tentative stand¬ 
ards may later become either permissive or mandatory, according to 
circumstances. 

Cooperation within the food industries. Many of the food indus¬ 
tries are now strongly organized with associations, institutes, or coun¬ 
cil 8 representing the producers of a given type of food and working 
for the improvement and standardization of practice within the 
industry as well as to bring its products favorably and intelligently 
to the attention of the consuming public. The scientific work of such 
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organizations is apparently only in its infancy, yet already important 
researches both in sanitary and in nutritional problems have been 
undertaken by them either in laboratories of their own or through 
grants for the support of research upon specified problems in univer- 

sities or in special research laboratories. 

Likewise, large individual units within the food industry have 
found it profitable to carry on or support research on problems, the 
solution of which is in the interests both of the industry as a whole 
and the consuming public. 

TREND OF INTEREST IN FOOD, THROUGH SANITATION TO NUTRITION 

The student of food problems should cultivate a clear view and 
a firm grasp of the importance of both the sanitary and the nutri¬ 
tional aspects of the subject, and of their interrelations and inter¬ 
dependence. 

Parallel with the development of the economic conditions which, 
as above described, led the public to demand food legislation to 
safeguard the interests of the consumer, there was also an extremely 
rapid and important development of the science of bacteriology and 
sanitation. These two developments worked together in that phase 
of the growth of interest in food problems which, in the United 
States, may be regarded as culminating in the success of the “pure 
food movement” as marked by the passage of the Federal law of 
June 30, 1906, of much State and Municipal legislation to harmo¬ 
nize local with national requirements, and with the inauguration 
of effective services of food inspection and control under these laws. 

All this was a well-merited triumph for the public-spirited indi¬ 
viduals who had labored in behalf of “food reform”; and it was also 
a result of the scientific trend of the times. 

It meant that the means for scientific control of the food indus¬ 
tries as well as for the policing of their products throughout whole¬ 
sale and retail trade, had been developed to a point capable of com¬ 
manding the confidence of the leaders among producers and 
consumers alike. In form and doubtless in primary intention, the 
so-called pure food laws are means of protecting the consumer; in 
practice they are also utilized by the food industries for their own 
standardization and to make effective the ideals of the more en¬ 
lightened business men for the improvement of products and trade 
practices by voluntary progress within the food industries in ad¬ 
vance of any pressure from the public authorities. 



TREND OF INTEREST IN FOOD 


Scientific knowledge thus has been, and constantly is, employed 
constructively for the improvement of their processes and products 
by the producers and purveyors of food, no less than defensively by 
food officials for the protection of the consuming public. 

Thus there has developed a gratifying degree of cooperation 
between the scientific and executive representatives of the food in¬ 
dustries and of the agencies of governmental control; and, of even 
greater importance, we have the far-reaching and efficient forces of 
agricultural and food research—Federal, State, and privately en¬ 
dowed, and uniquely The Nutrition Foundation, Inc.—working 
constructively upon all sorts of food problems. 

So thoroughly has the pure food idea been assimilated during 
the past quarter-century, and so effectively have the principles of 
sanitation been applied in the production, handling, and inspection 
of food in recent years, that in general the consumer may now safely 
assume that food products offered for sale will not contain anything 
directly deleterious to health, and even that food will not often be 
sold under seriously fraudulent claims on the labels as to its nature 
or quality. 

Not fear of fraud or active injury, but intelligent use of nutri¬ 
tional resources for the advancement of positive health, should be 
chiefly in our minds as we now think of food. 

For at the same time that the development of sanitary science 
and of food legislation and inspection have so largely relieved us of 
anxiety as to the safety of our food supply, the rapid growth of out- 
knowledge of nutrition has made it plain that a freely chosen supply 
of completely clean and honest food, adequate to please the palate, 
to satisfy the appetite, and to meet all our traditional demands as 
to variety and menu-making may yet fall short of that optimal 
choice and use of food which under the guidance of present-day 
nutritional knowledge can induce the highest development of 
health, happiness, and efficiency which native endowment makes 
possible. 

Thus through no contest of rival sciences or professions but 
because the sanitary and regulatory work has been, and is being, so 
well done, the center of gravity of the general problem of the rela¬ 
tion of food to health and human welfare has moved forward from 
sanitation to nutrition. 
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CHAPTER III. MILK 


Milk is the one article of diet whose sole function in nature is to 
serve as food. It is also the food for which there is greatest difficulty 
in finding a satisfactory substitute. 

Each species of mammal produces a milk especially adapted to 
the nutritive requirements of its own young, but it was early learned 
that the milk of other species is also an excellent food for man, and 
several different species are used for dairy purposes in various parts 
of the world. The statements which follow refer to cows’ milk pri¬ 
marily, but with slight modification to other milks also. All kinds 
of milk resemble each other more than any other food resembles any 
of them. 

PRODUCTION AND HANDLING OF MILK 

The milch cow has become a somewhat specialized product of 
selective breeding. Most domesticated cattle are considered as be¬ 
longing to one or the other of the two types known as dairy breeds 
and beef breeds, respectively. The characteristics of each type have 
been more or less intensively developed under domestication. There 
are also a few breeds or strains known as dual purpose cattle, in 
which breeding and selection are directed to the production of 
herds which shall be good producers both of milk and of meat. 

The average milk production of the dairy cows of the United 
States is steadily increasing; but still offers large opportunity for 
further improvement. In other words, the production of milk in 
the United States has recently been, and can still further be, in¬ 
creased in greater ratio than the number of dairy cattle. 

Increased yield of milk per cow may be obtained both by breed¬ 
ing and selection and by superior care and feeding. According to 
official estimates the annual yield of milk per cow in Denmark, 
where the dairy industry was well developed, was increased from 
4480 pounds in 1898 to 4884 pounds in 1901, 5335 pounds in 1904, 
and 5874 pounds in 1908. More recently a ten-year period saw a 
doubling of milk production with an increase of only 20 per cent 
in the number of dairy cattle in the State of Nebraska. Still more 
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recently, greater attention to the selection of superior sires for dairy 
herds, and the extension of the influence of such siics by artificial 
insemination, is accelerating the increase of milk production per 
cow. 

An investigation in Wisconsin showed a higher food consump¬ 
tion on the part of the more productive dairy cows, but the value of 
the milk produced increased much more rapidly than the cost of 
feed, so that the more productive cows proved very much more 
profitable. 

The United Stales Department of Agriculture found that among 
the herds it studied, the high-producing cows showed over twice 
the profit shown by cows producing only half as much milk and 
butter; and stated that “all studies that have been made of dairy 
cattle indicate that where other things are equal the economical 
producers are always comparatively high producers.” 

The same authority summarizes as follows the characteristics of 
the dairy cow as a producer of human food: 

“The dairy cow economically converts pasture grasses, dry and 
succulent roughage, and the by-products of many different kinds of 
grain into milk, that most excellent food for man. The dairy cow 
does well when a large proportion of her ration comes from these 
products. Only through the agency of animals can roughage be con¬ 
verted into human food. The great purpose of agricultural produc¬ 
tion is an adequate food supply. For feed eaten the dairy cow returns 
more than three times as much digestible protein as the steer and 
more than twice as much energy in edible products.” 

This statement from the Yearbook is well within the average facts. 
Thus in another publication of the Department of Agriculture, 
Cooper and Spillman (1917) gave as human food per acre produced 
through farm animals: as beef, 18.8 pounds of protein and 130,000 
Calories of food energy; as milk, 72.3 pounds of protein and 711,750 
Calories. Here the dairy cattle produced about four times as much 
protein and over five times as much energy as the beef cattle. 

The exact ratios necessarily vary with the varying efficiencies of 
different breeds, herds, and individual animals; but the trend of the 
evidence is quite clear and certain that dairy cattle make a several¬ 
fold higher return of human food, relative to the feed they have 
consumed, than do beef cattle. And this difference, regularly true of 
both protein and energy, becomes still more striking if we also take 
calcium and riboflavin (or mineral elements and vitamin values) 
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into the comparison as in the work of R. P. Christensen (1943) of 
the U. S. Department of Agriculture, Bureau of Agricultural Eco¬ 
nomics. 

Good health of the cow is of great importance. This is ensured 
by systematic veterinary inspection. Dairy farmers can now arrange 
with the U. S. Department of Agriculture to have their herds tested 
and “accredited” by the Federal authorities. In some regions, local 
authorities now require that all dairy herds be tuberculin-tested. 

It is important also that the cows be kept clean, and especially 
that the udder and adjacent parts of the body be thoroughly clean 
at the time of milking. 

The modern cow stable is carefully kept clean, free from con¬ 
taminating surroundings, well drained, well lighted and ventilated. 
It should be used for no other purpose than the keeping of cows, 
and if there is a loft overhead, the ceiling should be tight to prevent 
the falling of dust. The feeding of the cows should be so planned 
that there will be no dust from hay or other feed in the air of the 
stable at milking time. The floor should be tight, constructed prefer¬ 
ably of cement, and properly guttered; walls and ceiling should be 
whitewashed twice a year. 

The milk house should be separate from the stable and so located 
as to be free from dust and odors. It should be used for no other 
purpose and should be light, clean, and well screened. 

All utensils which come in contact with the milk should be of 
metal with smoothly soldered joints. In addition to being thoroughly 
washed the utensils should be sterilized by means of steam or boiling 
water and then kept either closed or inverted in a clean place free 
from dust until used. 

Milking is performed sometimes by machine, sometimes by 
hand. Cleanliness of the milker and his clothing are essential to 
cleanliness of the milk. On well-conducted milk farms the milker 
puts on a special washable suit for milking and washes and dries his 
hands immediately before commencing to milk each cow. The cows 
having previously been cleaned, the udders and flanks should be 
wiped with a moist cloth preparatory to milking. As a further pre¬ 
caution against the falling of dust and bacteria into the milk, a 
covered or hooded milking pail should be used. 

Machines by means of which one man may milk several cows at 
a time are now in common use. These have the advantage of Re¬ 
ducing the number of employees required in milking and diminish- 
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ing the opportunities for contamination of the milk through ton- 
tact with the air of the stable or the hands of the milker; while 
among the disadvantages are the cost of the equipment necessary 
for machine milking and the care needed in preventing the rubber 
parts of the mechanism from becoming a breeding place for bacteria. 
Whether hand- or machine-milking is cheaper must depend upon 
local conditions. 

Handling the milk. The milk is removed from the stable to the 
milk room as quickly as possible and (after clarifying or straining 
through sterile cotton or cloth if deemed necessary) is promptly 
cooled to prevent the growth and multiplication of such bacteria as 
it may contain. The multiplication of bacteria in milk docs not 
begin as soon as the milk is drawn, but is preceded by a short period 
in which there is an apparent decrease in the number of bacteria. 
The importance of early and thorough cooling was well shown in 
an experiment by Conn, in which it was found that the multiplica¬ 
tion of bacteria in 24 hours in milk kept at 50° F. (10° C.) was only 
5-fold, while at 70° F. (21° C.) it was 750-fold. In many localities it 
is required by law that milk be held at a temperature not above 
50° or 55° F. until delivered to the consumer. Preferably the bottled 
milk is packed in cracked ice and kept so until delivered. 

General sanitation. Recent decades have seen great improvements 
in the sanitary conditions surrounding the production and handling 
of milk and increasing use of pasteurization, so that the former 
danger of milk-borne infections, while still discussed in books and 
bulletins on sanitation, has now largely disappeared. 

As an early and influential example of the influence of sanitary- 
precautions upon the keeping qualities of milk, it may be noted that 
three American dairy farms exhibited raw milk at the Paris Exposi¬ 
tion of 1900, one of them sending weekly shipments throughout the 
summer, each of which was kept on exhibition in the raw state 
without spoilage until the next shipment arrived. At that time, it 
was difficult to convince the jury of European experts of the fact 
that cleanliness and cold were the only preservatives needed to ac¬ 
complish the keeping of raw milk in a fresh sweet condition for two 
to four weeks in midsummer. 

Score cards are largely used in connection with the sanitary in¬ 
spection of dairy farms. Their primary purpose is educational, but 
the scores shown are sometimes used also as a factor in the grading 
of the milk which the farm produces. Some sanitarians believe that 
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milk should be graded chiefly according to the sanitary score of the 
producing farm; others that the chief basis for judgment should be 
the bacteriological examination of milk as it is offered for sale. 

In its Bulletin 612 and since, the United States Department of 
Agriculture has emphasized the following as “the four essentials in 
the production of milk of low bacterial content”: (I) Use of small- 
top or “covered” milking pails; (2) Sterilization of utensils; (3) Care¬ 
ful cleaning of cows; (-1) Keeping milk cold. By observance of these 
four precautions “the average dairyman on the average farm with¬ 
out expensive barns and equipment” can produce milk of high sani¬ 
tary quality. 

Certified milk is understood to mean milk certified as to quality 
and wholesomeness by a properly constituted medical body. The 
medical profession was led to engage in the certification of milk in 
order that there might be made available for infant feeding at least 
a limited supply of milk of highest quality which should be as 
nearly as possible absolutely safe. The term certified is properly 
applied only to milk produced under sanitary conditions of excep¬ 
tional excellence, by the most painstaking methods and under the 
constant supervision of a Medical Milk Commission. The require¬ 
ments placed upon the producer and handler are such as to make 
the cost of certified milk considerably higher than that of ordinarily 
good bottled milk. Although no large percentage of the market milk 
of commerce is of this grade, the certified milk movement has had 
great influence in improving dairy practice and raising the sanitary 
quality of the general milk supply. 

Market milk production usually differs from the system in which 
certified milk is produced in that much of the responsibility which 
the certified milk system imposes upon the farmer is by the usual 
system transferred to the receiving station. The farmer, however, 
must keep only healthy cows and must clean them before milking, 
and the milk must be drawn by a clean milker into covered pails, 
handled only in utensils previously sterilized and promptly cooled 
and kept cold until sent to the receiving station. Usually at the 
receiving station, all pails and cans are thoroughly washed, sterilized 
with live steam, dried with a blast of hot air, covered and delivered 
back to the farmer, who must keep them unopened until the next 
milking time. Either at the receiving station or at the bottling plant, 
the milk is usually pasteurized as described below. 

Kelly and Clement’s Market Milk (latest edition) gives a tech- 
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nical account of present-day methods; and Anderson (1917) has 
discussed such problems as governmental regulation and stimula¬ 
tion through price controls. 

Vocational aspects of milk production. Dairy cows of high milk 
production represent a considerable investment requiring trained, 
intelligent, and careful management and manipulation. The work 
of each dairy farm must be done with scrupulous attention to 
many details, and in order to maintain full productivity of the cows 
everything which concerns them must follow an accurate time 
schedule every day including Sundays and holidays. 

When to the many and exacting requirements of modern milk 
production are added those of highly sanitary and orderly handling 
of the milk on the farm and in its delivery to the receiving plant, 
it is clear that dairy farming is an extraordinarily exacting occupa¬ 
tion, both for the farmer and his employees. On the other hand, it is 
an enterprise of high importance to the consuming public, and one 
which affords steady, year-round employment to high-grade man¬ 
power at both the managerial and the manual-labor levels. Thus a 
growing use of milk, supported by soundly scientific conviction of 
its value to health through superior nutrition, is also of benefit to 
the normal evolution and stabilization of American agriculture. 

Direct and indirect significance of the ‘‘culling” of cows. Dairy¬ 
farming experts in the United States give special attention to the 
increase of milk production per cow. Further progress doubtless 
can and will be made along this line. It is, however, worthwhile to 
note an indirect significance of what the dairy farmer does in what 
he calls “culling the cows.” For in practice, the dairy-farmer’s culling 
of his herd often results in making beef of a cow that would be of 
more value to the human food supply by being kept in milk produc¬ 
tion for a while longer. 

The situation is often as follows: Breeding for higher milk pro¬ 
duction per cow has made it increasingly common for young cows 
to better their mothers as milk producers, and to do so fairly early in 
the lives of both. But if, as soon as this has happened, the mother 
is "culled out” it often means that the older cow’s career as milk 
producer is cut short while she (even though not quite as efficient 
as her daughter) is still, nevertheless, a more efficient transformer 
of feedingstuffs into human food by milk production than she or 
any other animal can be by meat production. Thus the indirect 
consequence of culling out such cows from dairy herds is to check 
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the growth of the nation’s efficiency in transformation of animal- 
feeding crops into human food of animal origin. 

It is also to be noted that it is not true as commonly assumed or 
implied that to increase the milk-cow population means waiting 
2 to 3 years for new cows to grow up; for a substantial increase can 
be made any year by the simple plan of less drastic “culling out 
of milk cows already in production. Also, the cow which has very 
slightly passed her prime but is still capable of several years of milk 
production may in many cases advantageously be transferred from 
the intensive dairy farm to the status of “family cow.” 

Space does not permit further discussion of such aspects of food 
production, important as is their long-run significance for con¬ 
sumers. 

Pasteurization of milk by heating it to a temperature of 60° to 
63° C. (110° to 115° F.) and holding at this temperature for 20 
to 30 minutes serves to destroy any bacteria of diseases regarded as 
transmissible by milk. It is important that the apparatus be so con¬ 
structed and handled that every drop of milk receives the specified 
heating. Extremely careful cleansing and steam-sterilization of all 
pasteurization and bottling apparatus and connecting tubing and 
valves is also very important. "Flash pasteurization” is heating to a 
higher temperature for a shorter time. As there is yet (1947) hardly 
a settled consensus of opinion regarding it, those interested should 
get the current views of their state authorities. 

GENERAL COMPOSITION OF MILK 

The qualitative composition was concisely stated by Richmond 
as follows: "It is essentially an aqueous solution of milk sugar, 
albumin, and certain salts, holding in suspension globules of fat, 
and in a state of semi-solution, casein * together with mineral 
matter. Small quantities of other substances are also found.” These 
latter include all the known vitamins. Books on colloid chemistry 
may be consulted for fuller descriptions in more technical terms of 
the state of dispersion of the proteins, particularly caseinogen, in 
milk. Under the microscope the fat globules are readily seen float- 

• For this protein as it exists in milk the term caseinogen is perhaps preferable, 
the term casein being more strictly applicable to the coagulated protein as it 
exists in curd or cheese. In the United States, however, one commonly encounters 
the use of the term casein to cover both the coagulated and the uncoagulated 
substance. 
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ing in the fluid portion or serum of the milk. (See Fig. 11.) These 
globules vary considerably in size from an average of about 0.0025 
millimeter or 0.001 inch in diameter. A single drop of milk contains 
many millions of these fat globules. If desired, milk may be so 
treated mechanically as to break up the natural globules of fat into 
small ones which do not rise readily. Milk which has been so treated 
does not show a cream layer but remains apparently homogeneous 
on standing and is commonly called homogenized milk. 



Fig. 11. Fat globules of milk magnified 300 diameters. 


The yellowish tint of milk is due to a small quantity of carotene 
(and possibly also related coloring matter) contained in the fat, 
and its opacity in part to the fat and in part to other constituents, 
particularly caseinogen and calcium phosphate. 

For thorough discussions of the physicochemical properties of 
milk, the book entitled Fundamentals of Dairy Science by the Asso¬ 
ciates of L. A. Rogers may be consulted. 

Colostrum, the fluid secreted from the mammary glands for a 
short time after giving birth to the young, is different from milk in 
composition and physiological properties. Under the microscope 
colostrum shows characteristic corpuscles in addition to the fat 
globules seen in milk. 

The quantitative composition of milk varies with a number of 
conditions, the most prominent of which are the breed and the 
individual characteristics of the cow. It is difficult to make fair com¬ 
parisons of breeds because there may be within the same breed 
different strains or families which differ markedly in the composition 
of their milk. The following figures obtained by averaging the re¬ 
sults of independent breed tests made at the Agricultural Experi¬ 
ment Stations of New York and New Jersey are believed to be fairly 
representative (Table 1). 
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TABLE 1. COMPOSITION OF MILK OF DIFFERENT BREEDS 
OF CATTLE 


BREED 

TOTAL SOLIDS 

FAT 

SOLIDS-NOT-FAT 


PER CENT 

PF.R CENT 

PER CENT 

Jersey 

14.87 

5.19 

9.68 

Guernsey 

14.69 

5.16 

9.53 

Durham 

13.38 

4.05 

9.33 

Ayrshire 

12.73 

3.64 

9.09 

I lolstein 

11.96 

3.43 

8.53 


Among the conditions other than breed and individuality which 
may influence the composition of cows' milk may be mentioned 
advancement in lactation, the season of the year, feeding and care, 
time and completeness of milking. After a cow has been three or four 
months in lactation there is usually a decrease in the milk yield and 
a gradual increase in the richness of the milk as the period of 
lactation advances. 

Other conditions being the same, the milk of well-kept cows is 
usually richer in winter than in summer, in cooler than-in warmer 
weather, and on rich dry food than on pasture, except that on first 
admitting the cows to pasture in spring or early summer a richer 
milk may be obtained for a short time. 

Doubtless reasonably good - feeding and care are necessary to 
secure from each cow as rich a milk as she is normally capable of 
producing, and there are indications that by changes of food, liberal 
feeding with special foods, or perhaps other special treatment, a 
cow may be made to produce for a time a milk above her normal 
standard of richness. In general practice, however, the dairy farmer 
depends upon breeding and selection to secure milk of high richness 
and expects the return for liberal feeding and exceptional care to 
take the form of an increased yield of milk rather than a permanent 
change in its composition. 

In general a longer interval of time between milkings results in 
a slightly decreased fat content. This is often the cause of a fairly 
constant difference of 0.25 to 0.50 per cent of fat in the morning 
and afternoon milk of the same herd. 

All statements regarding the composition of cows’ milk ordi¬ 
narily refer to the product of complete milking. In partial or frac¬ 
tional milking the first portions drawn are much poorer in fat con¬ 
tent than the average, and the last portions, or strippings, are 
much richer. 
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The extreme limits of credibly recorded variations in the com¬ 
position of cows’ milk arc no longer of much interest, because an 
extremely rare case can have but little effect upon the general aver¬ 
age, and because the milk entering into present-day commerce is 
nearly always the mixed product of many cows, and usually of many 
herds. 

A few long-known facts are, however, worthy of note. The 
natural percentage of fat varies considerably more than docs that 

of any other of the milk solids. And milk which is naturally of more 

• 

than average fat content has also more than average percentages 
of protein and of ash. On the other hand, when milk is given an 
artificially high fat content the situation is as with cream: the extra 
concentration of fat globules decreases the amount of everything 
else. 

In natural whole cows-milk, the protein content tends to be 
about one fourth of the total solids, while in cream-enriched milk, 
“top milk,’’ or the "strippings" of a divided milking, the protein 
content tends to be less than one fourth of the total solids. 

In many cases it is sufficient and convenient to consider the 
solids of milk simply in terms of fat and of solids-not-fat, which can 
be determined by rapid and inexpensive laboratory methods. In 
fact, this has practically always been deemed sufficient in the formu¬ 
lation of legal standards of composition. The standard for fat is 
thus regarded as safeguarding against skimming (or partial skim¬ 
ming); and the standard for solids-not-fat, as safeguarding against 
watering. 

Composition from the viewpoints of dietary and food-supply 
computations. Here, and correspondingly in subsequent chapters, 
it seems best to assume that the user of this book will have always 
available the Tables of Food Composition prepared by the Bureau 
of Human Nutrition and Home Economics in cooperation with the 
National Research Council, and issued in 1915 as Miscellaneous 
Publication No. 572 of the U. 5. Department of Agriculture. 
Partly because of their wide distribution and ready availability, 
and partly because they are subject to revision at any time, the 
figures there given are not repeated in this book; and comment 
upon them will be chiefly confined to questions which arise from 
differences between the composition-figures found in these 1945 
tables as compared with those previously in general use. Thus the 
figure for iron in milk is much lowered, but we have always known 



MILK 


70 

milk to contain so little iron that a change in the average assigned 
to it can make little difference to the apparent iron value of a 
dietary or to the place of milk in the food supply. Probably of 
more significance is the much lesser percentage lowering of the 
previously accepted average for riboflavin in milk. On the other 
hand the 1945 table gives a slightly increased estimate of the average 
protein content of milk over that appearing in early governmental 
publications. One cannot give simple and conclusive explanations 
of these differences; but to some extent they balance each other, 
so that the final net effect as a whole does not greatly change our 
view of the place of milk in the dietary or the place it should have 
in the food supply, as discussed further on in this chapter. 

ADULTERATION AND INSPECTION 

Adulteration of milk is now much less common than formerly; 
but the possibility remains that milk may sometimes be deliberately 
adulterated, and also that it may become an adulterated product, 
within the legal meaning of the term, through accidental contami¬ 
nation or deterioration. 

The principal forms of deliberate adulteration to which milk has 
sometimes been subjected are watering, skimming, the addition of 
preservatives, and attempts to conceal inferiority by the use of 
artificial color. 

In most localities all these practices are made illegal either by 
specific prohibition or by some general provision that milk to which 
anything has been added or from which anything has been ab¬ 
stracted shall be deemed adulterated. 

Watering is, of course, the simplest form of adulteration and is 
objectionable both as a fraud and as a possible source of contamina¬ 
tion. In most localities milk is now practically never watered. 

Skimming , by which is meant either the removal of a part of the 
cream or the addition of skimmed or partially skimmed milk, is 
probably not so rare as watering. A$ the same farmer often sells both 
milk and cream, the temptation to remove a part of the cream 
before selling the milk (especially if the milk originally contains 
considerably more fat than the law requires) is obvious. The exist¬ 
ence of standards requiring a high content of solids-not-fat and a 
relatively low fat content has sometimes constituted an incentive 
to partial skimming. 

Artificial color is occasionally (probably but rarely now) added 
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to restore the yellow tint of milk which has been partially skimmed 
or to make a milk which is naturally poor in fat appear richer than 
it is. 

Addition of preservatives is now a rare practice, at least in cities 
having systematic milk inspection. The preservatives chiefly used 
were formaldehyde and boric acid or borax. 

The conduct of inspection. Practices differ greatly in regard to 
milk inspection. Municipal authorities usually have wide discretion 
in the matter under their general “police powers,” and city ordi¬ 
nances may go much farther than state legislation in the detail with 
which they control the milk supply. City boards of health often 
have inspectors in the country to visit farms and receiving stations 
as well as in the city to inspect the milk as it comes to market and 
as it is offered for sale. 

Thermometer and lactometer tests. As preliminary tests the city 
milk inspector often takes the temperature of the milk and its read¬ 
ing on the lactometer, which is merely a hydrometer so constructed 
as to cover a sufficient range to include all qualities of milk. Milk 
showing too high a temperature is sometimes destroyed forthwith. 
In other cases a high temperature is constiued simply as requiring 
a laboratory examination for bacteria. A low lactometer reading is 
not sufficient in itself to condemn milk, but aids the inspector to 
judge whether further examination is necessary. 

The lactometer may be graduated to read specific gravity or on 
an arbitrary scale. The New York Board of Health lactometer has 
an arbitrary scale of which the zero point coincides with a specific 
gravity of 1.000 and the 100 point with a specific gravity of 1.029. 
Whole milk normally has a specific gravity of 1.029 to 1.035; usually 
1.030 to 1.033, and should therefore read more than 100 on the New 
York Board of Health lactometer. The specific gravity or lactometer 
reading of milk is lowered either by addition of water or addition of 
cream; but milk which is naturally rich in fat, being usually rich 
in protein also, ordinarily has a higher specific gravity or lactometer 
reading than the average. If in addition to the lactometer reading 
the viscosity and opacity of the milk be observed by carefully watch¬ 
ing the lactometer bulb on lifting it out of the milk, it is possible 
for an experienced inspector to form a fairly reliable impression as 
to whether the milk is open to suspicion and should be sampled for 
laboratory analysis. 

Chemical analysis when made for purposes of inspection consists 
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usually in determining the percentages of fat and of solids-not-fat, 
the latter sometimes by calculation horn the fat content and specific 
gravity. 

Among the different states there is some diversity of standards, 
and the Federal government does not at present set a numerical 
standard of composition for milk. Since the fat content of milk is 
so variable, some difference of opinion as to the proper legal mini¬ 
mum of fat is readily understood, but there is no justification in 
the natural composition of milk for setting a low standard for fat 
and at the same time a high standard for solids-not-fat, or total 
solids, as has happened in some states. The explanation for such 
dispi oportionatc standards is to be found in the fact that methods 
of milk analysis formerly used tended to underestimate the fat and 
overestimate the other solids. 

The Commission on Milk Standards appointed with a view to 
securing uniformity of requirement among the different states and 
cities of the United States recommended the general adoption of 
the standard calling for not less than 3.25 per cent of milk fat and 
not less than 8.5 per cent of milk solids-not-fat, as previously pro¬ 
posed by the Association of Official Agricultural Chemists. 

DETAILED CHEMICAL COMPOSITION 

The proteins of milk. From three-fourths to four-fifths of the 
nitrogenous matter or total protein of cows’ milk consists of casein- 
ogen (casein, calciumcasein), while most of the remainder is in the 
form of lactalbumin. Other proteins have been found in very small 
amounts. Among these lactoglobulin has long been known and an 
alcohol-soluble protein has been described by Osborne and Wake- 
man, who suggested that milk may also contain extremely small 
quantities of proteoses. 

Caseinogen or casein is the best known of the phosphoproteins. 
Lactalbumin contains no phosphorus but is richer in sulfur than is 
casein. The elementary composition of these two proteins is shown 
in Table 2, while in Table 3 are given the amounts of the different 
amino acids obtained from the hydrolysis of each. 

Formerly it was customary to list the amino acids in the order 
(sequence) of their determination in the “classical” separation 
method. Now that various methods are,used, several of which do not 
involve actual separation, we follow the growing custom of listing 
the amino acids alphabetically (including ammonia because, while 
not an amino acid it is a nitrogenous cleavage-product of proteins). 
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TABLE 2. ELEMENTARY COMPOSITION OF CASEIN 
AND LACTALBUMIN 



CASEIN 

LACTALBUMIN 


PER CENT 

PER CENT 

Carbon 

53.13 

52.19 

Hydrogen 

7.06 

7.18 

Oxygen 

22.37 

23.13 

Nitrogen 

15.78 

15.77 

Sulfur 

0.80 

1.73 

Phosphorus 

0.86 

0.00 

By comparison with the corresponding data given in later chap- 

ters it will be seen 

that the yields of several of the nutritionally 

essential amino acids such as 

tryptophane and lysine are very 

distinctly higher from the milk 

• a...a . 

proteins than from food proteins 


in general, while the amino acids lacking or present only in small 


quantity in milk proteins are, in most cases, those of which the body 
may readily derive abundant supplies from other sources. (See also 
the sections on nutritive value and place in the diet in this and sue- 


cceding chapters.) 

TABLE 3. AMINO-ACID 

CONTENTS OF THE CHIEF 

PROTEINS OF MILK 


CASEIN 

LACTALBUMIN 


PER CENT 

PER CENT 

Alanine 

1.85 

2.50 

Ammonia 

1.61 

1.32 

Arginine 

3.81 

3.56 

Aspartic acid 

4.10 

9.30 

Cystine 

0.34 

4.25 

Glutamic acid 

21.80 

12.90 

Glycine 

0.51 

0.37 

Histidine 

3.20 

2.61 

Hydroxyglutamic acid 

10.50 

10.00 

Hydroxylysine 

0.33 

0.03 

Hydroxyprolinc 

0.23 

a 

Isoleucine 

o 

• 

“Leucine M (s) b 

9.70 

19.40 

Lysine 

8.30 

9.90 

Methionine 

3.53 

2.63 

Phenylalanine 

5.79 

3.63 

Prolinc 

8.00 

4.00 

Serine 

3.16 

4.74 

Threonine 

3.70 

4.90 

Tryptophane 

2.40 

3.00 

Tyrosine 

6.98 

2.20 

Valine 

7.20 

3.30 


“Doubtless present but quantitative data not available at the time of writing. 
6 Undetermined isoleucine may be included with "leucine." 
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By comparison of the data in Table 3 with those of the corre¬ 
sponding tables in Chapters V'-IX and XI, it will be seen that the 
proteins of milk are richer than are the proteins of most other foods 
in lysine and tryptophane certainly and probably in the other nutri¬ 
tionally essential amino acids. 

The fat of milk is characterized by both its physical form and its 
chemical composition. As secreted, it exists in the form of micro¬ 
scopic globules or droplets of variable size (Fig. 11) floating in the 
"serum” of the milk and tending to rise to the surface and form a 
cream layer when the milk is allowed to stand. This makes of milk 
an emulsion varying in physical property with the percentage of 
fat and the size of the fat globules. The so-called homogenizing 
machines arc primarily devices for breaking up the fat globules 
into particles of small and more uniform size with the object of 
getting the fat into such a finely divided and highly dispersed form 
that it will remain uniformly distributed through the milk on stand¬ 
ing. Milk or cream which has been thus treated is said to be homo¬ 
genized, though it is, of course, still a heterogeneous system in the 
scientific sense. 

Chemically, milk fat is characterized by its relatively high con¬ 
tent of butyric acid, and relatively low content of stearic acid. The 
percentages of the different fatty acids found by Browne in butter 
fat are shown in Table 4. The nutritionally essential unsaturated 
fatty acids, linoleic, linolenic (or their isomers) and arachidonic 
acids have also been shown to occur in milk fat. 

TABLE 4. PERCENTAGES OF DIFFERENT FATTY ACIDS 
OBTAINED FROM BUTTERFAT BY C. A. BROWNE 


NAMK of FATTY ACID BUTTERFAT 

Butyric 5.45 

Caproic 2.09 

Caprylic 0.49 

Capric 0.32 

Laurie 2.57 

Myristic 9.89 

Palmitic 38.61 

Stearic 1.83 

Oleic 32.50 

Dihydroxystearic 1.00 


Total 91.75 


Butterfat, like most other food fats, contains considerable quan¬ 
tities of palmitic and oleic acids, but it differs in containing very 
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little stearic acid, and notable quantities of butyric and caproii 
acids, of which other food fats contain very little. 

For convenience we have here spoken ol fatty acids as contained 
in the fat. It is not implied that the fatty acids exist in the free 
state, nor even necessarily in the form of their simple glycerides. 
Doubtless both simple and mixed glyceiides are present. It is be¬ 
lieved that practically all of the butyric acid in buttcrlat exists in 
the form of mixed glycerides; that is, with more than one kind of 
fatty acid in the fat molecule. 

Milk fat is rich in lat-soluble vitamin A. 

The yellowish color of milk is due to a small amount of natural 
coloring matter, riboflavin, dissolved in the aqueous phase or serum 
of the milk, as well as to the carotene in the fat of the milk, which 
is derived from the green plant tissues consumed by the cow 
(Palmer). 

Milk sugar, lactose, is the only known carbohydrate of milk. It 
is formed in the mammary gland, doubtless from glucose brought 
by the blood. While the proteins exist in milk in the form of col¬ 
loidal dispersion and the fat in the form of distinct droplets easily 
visible under the microscope, the milk sugar is in true solution. It 
is to the milk sugar and the soluble salts of milk that its osmotic 
properties are due. Investigation has shown that the mammary gland 
secretes milk of a very uniform osmotic pressure. Usually this means 
that the percentages of lactose and soluble salts in milk remain 
nearly constant even when the percentages of other constituents 
vary. Occasionally the percentage of lactose falls considerably below 
the normal average, and in such cases the percentage of salt in the 
milk rises sufficiently to keep the osmotic pressure at the normal 
figure. Since, weight for weight, the osmotic pressure of salt is 
much higher than of sugar, a sample of milk of the sort just men¬ 
tioned will have an abnormally low percentage of solids-not-fat, 
but since its osmotic pressure and therefore its freezing point re¬ 
mains normal, a determination of the freezing point will show that 
the milk is not watered. Conversely, watered milk always shows a 
different freezing point from genuine milk, even though the latter 
varies in chemical composition. For this reason the determination 
of the freezing point is sometimes included in the analytical exami¬ 
nation of milk for the purpose of determining whether or not it has 
been watered. 

Citric acid occurs normally in milk to the extent of about 0.2 
per cent. In the ordinary routine analysis, or in statements of com- 
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position based on such analyses, the citric acid is usually counted 
as carbohydrate. 

Mineral elements. The ash constituents or mineral elements of 
milk include all the so-called inorganic elements necessary to the 
normal nutrition of man, though some of these may be in less than 
optimal proportions. Some of the “mineral” elements exist in the 
milk as salts, some as constituents of the organic matter, some in 
both forms. 

Sulfur, of which milk contains about 0.03 per cent, exists almost 
entirely as a constituent of the milk proteins. 

Phosphorus constitutes 0.093 per cent of the fresh weight of 
average milk and is present in at least four forms. About 65 per cent 
of the phosphorus of milk is in the form of phosphate, but to what 
extent this is free phosphate and to what extent loosely combined 
with organic matter has not been determined; about 25 per cent 
exists as an essential organic constituent of the casein; and about 
10 per cent of the milk phosphorus is in the form of phosphatids or 
phospholipids (including lecithin) and other organic compounds. 

Chlorine exists in milk in the form of chloride (chloride ion). 
Except as noted above, its amount (concentration) is very nearly 
uniform. 

Iodine is present in the form of iodide (iodide ion), its concen¬ 
tration varying with the food, the drinking water, and the salt sup¬ 
plied to the cows. 

The base-forming elements, sodium, potassium, calcium, and 
magnesium, are present in milk in slightly greater amounts than 
would be necessary to neutralize the acids obtainable from the sul¬ 
fur, phosphorus, chlorine, and iodine present. 

This surplus of base-forming elements of milk seems significant 
in connection with the fact that the growth and development of 
the child (or other young mammal) involves a considerable and 
long-continued storage of a similar surplus of base in the mineral 
matter of the bone. The similarity is all the more significant in 
that calcium is so prominent in both cases. Many fruits and vege¬ 
tables have more basic ash than milk; but the ash of milk is partic¬ 
ularly rich in calcium, and calcium is by far the predominant basic 
(or base-forming) element in the mineral matter of bone. 

Calcium constitutes 0.118 per cent of average fresh whole milk, 
which makes it as rich in calcium as is saturated lime-water. The 
amounts (concentrations) of calcium and of phosphorus in milk 
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show only strikingly small variability. That is, milk is an ext option¬ 
ally reliable source of these elements. 

Magnesium, potassium, and sodium are regularly present in 
measurable amounts: about 0.012, 0.1 13, and 0.051 per cent of aver¬ 
age fresh whole milk, respectively. 

Numerous other elements are present in small amounts. 

Milk contains all the known vitamins. 


Also, as Mendel pointed out in 1923, while each of the vitamins 
may be found in other foods as well, there are few if any other foods 
which furnish all these vitamins in as nearly well-balanced propor¬ 
tions as does milk. It is perhaps as important to remember this as to 
remember which foods are particularly rich in individual vitamins. 

From the combined point of view of richness and of the quan¬ 
titative place which it should occupy in a well chosen food supply, 
milk is an outstanding source of vitamin A and the outstanding 
source of riboflavin. It is also a fairly important source of most 
other vitamins when produced under good conditions and handled 
in such manner as to conserve its vitamin C value. 

Market milk is a less variable and more dependable source of 
vitamins than the statements commonly current would lead one to 
expect. This fact may require explanation, for it has sometimes been 
obscured through the very planning of the researches which seem 
to bear upon it. Investigators of vitamin problems have naturally 
wished to ascertain whether vitamins found in milk are formed de 
novo in and by the cow, or are dependent upon what she receives in 
her food. In order to get a clear-cut answer to this question, the in¬ 
vestigator has usually fed on the one hand a vitamin-rich diet and 
on the other hand a diet especially planned to be as poor as possible 
in the vitamin under investigation. Such experiments have served 
an important purpose in showing the relation of diet to vitamin 
values of milk; but the findings have apparently given a seriously 
exaggerated impression as to the variations which one may expect 
to meet in the vitamin values of ordinary market milk. For farmers 
engaged in milk production do not feed their cows, at any time of 
year, such extremely vitamin-poor rations as have been employed 
in the experiments just mentioned: whether the farmer knows about 
vitamins or not, he knows that the feeding of such poor rations is 
unprofitable. Furthermore, if accident or destitution should result 
in the feeding of such extremely poor rations in rare instances, the 
cows receiving them would yield so little milk that this milk could 
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not greatly influence the general average vitamin value of the mixed- 
milk supply as it reaches the market. 

The richness of milk in riboflavin, which is in the serum, not the 
fat globules, and the fact that riboflavin is now known to be an 
exceedingly important factor in our dietaries, has brought skimmed 
milk into much higher favor as a human food. Means have been 
found and other means should be sought, to bring much more of 
the available skimmed milk supply into human consumption—not 
in competition with whole milk, but for the improvement in nutri¬ 
tive value of foods into which whole milk either does not enter, or 
enters only to a limited and already-standardized extent. 

In addition to the well-known high nutritive value of the milk 
proteins, both the calcium and the riboflavin of skimmed milk make 
it a supplement of very significant nutritional health value as an 
addition to the ordinary American dietary or human food supply. 

NUTRITIVE VALUE AND PLACE IN THE DIET 

We have seen that the milks of different breeds, and of indi¬ 
viduals and strains within a breed, may vary considerably in fat con¬ 
tent, and the natural variations in fat content are usually accom¬ 
panied by much smaller variations of some of the other solids of 
the milk, chiefly its proteins. Kelley and Clement in the Second Edi¬ 
tion of their Market Milk show both by graph (p. 41) and by table 
(p. 42) the mean quantitative relation of fat to other solids in milk 
as derived from the data of over 250,000 samples. 

Milk naturally containing 3.00 per cent fat will average about 
11.33 per cent total solids, and will furnish about 270 Calories per 
pound. 

Milk naturally containing 4.00 per cent fat will average about 
12.8 per cent total solids, and furnish about 314 Calories per pound. 

Milk naturally containing 5.00 per cent fat will average about 
14.1 per cent total solids, and furnish about 360 Calories per pound. 

And in any case, cows’ milk, when not changed from its natural 
composition, furnishes from 18 to 20 per cent of its total calories in 
the form of protein. 

Within fairly wide limits, this relation can be easily altered at 
will from the fat-rich cream or top milk to the fat-poor skim-milk. 

Dietetically it is well worth while to remember that both cream 
(or top milk) and skim-milk are from our viewpoint forms of 
milk, the use of which can be utilized to vary the ways of bring¬ 
ing the unique nutritive values of milk into the individual, or 
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family, or community dietary, or the national food supply. 

It is to be emphasized that discussions in levins of protein and 
calottes must fall far short of doing justice to the true nutritive 
value of milk. 

When milk is taken under normal conditions (even in relatively 
large quantity and in connection with only a small amount of 
bread or other solid food), about 97 to 98 per cent of the milk pro¬ 
tein is digested and absorbed. Numerous experiments indicate that 
undei normal conditions it is among the most completely and 
efficiently utilized of all the protein foods. 

Not only do the milk proteins show a high coefficient of digesti¬ 
bility, but metabolism experiments and clinical observations show 
that milk furnishes a form of protein particularly adapted to bring 
about a storage of protein in the body. This observed high nutritive 
efficiency of milk proteins has also been explained in terms of their 
chcmical structure or amino-acid make-up, as we saw in the discus¬ 
sion of the data of Table 3. Furthermore, it is clear that milk is a 
most effective protein supplement to bread, oatmeal, hominy, and 
other grain products, since the milk proteins are rich in the partic¬ 
ular amino acids in which the giain proteins tend to be poor. 
Together with this important property, the milk proteins have the 
unique advantage of being taken in admixture with milk sugar 
which tends to protect them from putrefactive decomposition in the 
intestine. 

When desired, the quantitative relations between protein con¬ 
tent and fat content or fuel value are readily altered by separating 
the “top milk” or cream from the “skim milk.” Milk thus partially 
skimmed so as to contain 1 per cent of fat would yield about 200 
Calories per pound, with approximately one-third of the Calorics 
in the form of milk protein; while a thin cream or top-milk obtained 
from the same milk and containing 10 per cent fat would yield about 
550 Calories per pound, of which only one-tenth would be furnished 
by protein. 

The fat of milk is already emulsified and so is more readily avail¬ 
able to the body than the fats of other common foods except eggs. 
The fact that milk fat is fluid at body temperature also aids its 
digestibility. Whether the presence of glycerides of the volatile acids 
is of any special advantage aside from flavor is not clear. 

The carbohydrate of milk (lactose) is already in solution and like 
other sugars does not require the action of the salivary, gastric, or 
pancreatic juice. It needs only that of the intestinal juice, for its 
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digestion. It has the advantage over sucrose and glucose of being less 
susceptible to fermentation and less liable to irritate the stomach. 
Moreover lactose has the very important dietary property of favoring 
the development of the Lactobacillus acidophilus in the intestine, 
tints making for good intestinal hygiene through the multiplication 
of these “friendly germs” and the suppression of putrefactive bac¬ 
teria of the intestine. (See also the discussion of fermented milks in 
Chapter IV.) 

The mineral elements of milk constitute an important factor in 
its nutritive value. In many experiments by different investigators, 
the growth and health of laboratory animals kept on restricted diets 
have been very greatly improved by adding to the rations such salt 
mixtures as would give to the total inorganic contents of the ration 
the composition of milk ash. Often such improvement in the mineral 
content of the diet makes all the difference between complete success 
and total failure. Undoubtedly milk plays a more important part 
than any other article of food in making the ordinary American 
dietary fully satisfactory in its mineral content. It may contain less 
than optimal proportions of iron, copper, and manganese, but these 
are easily supplied by grain products, vegetables, and fruits. 

With growing understanding of the nutritive value of milk there 
has been a fairly steady upward trend of per capita consumption of 
milk in the United States. A joint report of the Bureau of Human 
Nutrition and Home Economics with the Bureau of Agricultural 
Economics, issued June 1946 includes the data shown in Table 5. 

TABLE 5. UNITED STATES CONSUMPTION OF MILK AND ITS 
PRODUCTS OTHER THAN BUTTER, CALCULATED AS MILK 
EQUIVALENT PER PERSON PER YEAR 


YEAR 

QUARTS 

YEAR 

QUARTS 

1910 

160 

1935-39 

205 

1915 

169 

1940 

| 

215 

1920 

187 

1941 

220" 

1925 

193 

1942 

230- 

1930 

199 

1943 

244“ 

1935 

198 

1944 

250- 


"Civilian consumption only. 
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Milk contributes economically and efficiently to the nutritive 
value of the dietary in several dilFerent ways. 

In 1942 a governmental study of American family dietaries with 
tcfeience to relative cost and contributions to nutritive value ol 
each food group yielded the results shown in Table 6. From this 


TABLE 6. RELATIVE COST AND CONTRIBUTION'S TO NUTRITIVE 
VALUE OF EACH FOOD GROUP: U.S.D.A.. STUDY OF SPENDING 
AND SAVING IN WARTIME. SPRING OF 1912. AMERICAN 
FAMILY DIETARIES 



PER 

PERCENTAGE 

OF TOTAL 

CONTRIBUTED 

BY EACH FOOD 

GROUP 

FOOD GROUP 

CENT OF 

TOTAL 

FOOD 

COST 

Calo¬ 

ries 

Pro¬ 

tein 

Cal- 

cium 

Iron 

Vita¬ 
min A 
Value 

Thi¬ 

amine 

Ribo¬ 

flavin 

Vita¬ 
min C 

Grain products 0 

11 

30 

28 

12 

21 

b 

22 

9 

0 

Drybeans, peas, nuts 

1 

3 

5 

3 

11 

b 

6 

3 

0 

Potatoes, sweetpotatoes 

3 

5 

3 

2 

7 

6 

8 

4 

13 

Green and yellow vege¬ 
tables 

5 

1 

o 

•• 

5 

8 

39 

6 

5 

31 

Citrus fruits, tomatoes 

6 

2 

i 

3 

4 

7 

6 

2 

35 

Other vegetables and 
fruits 

8 

4 

2 

3 

6 

6 

3 

•• 

:> 

13 

Milk, cheese, ice cream 

17 

14 

23 

65 

7 

15 

8 

43 

6 

Eggs 

7 

3 

8 

3 

10 

7 

6 

13 

0 

Meat, poultry, fish 

23 

10 

25 

2 

21 

9 

31 

15 

1 

Butter and other fats 

10 

19 

2 

» 

2 

11 

4 

1 

0 

Sugars, sirups, sweets 

3 

8 

ft 

2 

3 

» 

» 

ft 

1 

Miscellaneous 


1 

1 

» 

b 

i> 

ft 

(> 

ft 

Food adjuncts 

4 


No attempt to 

estimate nutrients in these 


“ 35 per cent of flour enriched. 
b Less than 0.5 per cent. 


table it will be seen that 17 per cent of the total expenditure for 
food was for milk, cheese, and ice cream and that this group con¬ 
tributed a little less than its pro rata share of the calories, but dis¬ 
tinctly more of the protein (and, as we know, in a form of extra high 
nutritive value). Of calcium, this milk group furnished 65 per cent 
of the total in the dietary or about four times its pro rata share. Of 
iron, thiamine, and vitamin C, somewhat less than, but of vitamin 
A almost exactly its pro rata amount (and in an unusually valuable 
form), and of riboflavin milk contributed 43 per cent of the entire 
amount in the dietary. 

The fact that milk is such a strongly outstanding source of both 
calcium and riboflavin gains great importance from the further fact 
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that more American dietaries have been found to need strengthen¬ 
ing in their calcium and riboflavin values than at any other point. 

For these and other reasons, an increase of about fifty per cent 
in the per capita milk consumption of this country (and of about 
100 per cent for the world's people generally) is much to be desired. 
We should also strive for distribution methods to bring a fairer 
share to those of our people who arc now handicapped—econom¬ 
ically or geographically, or both—in obtaining as much milk as 
they need for health. 

For people having no severe handicap to prevent it, it is certainly 
wise to keep daily milk consumption up to 3 to 4 glasses a day. In 
no case need the milk all be consumed as such. Any proportion de¬ 
sired may be taken in or on cooked food. Many enjoy taking a part 
of it in the form of cheese or of thin cream or ice cream. 

Three independent British studies of the effects of adding extra 
milk to the diets of school children who had been supposed nor¬ 
mally nourished, all resulted in markedly improved mental and 
physical growth and development. 

Recent investigations strongly support the time-tested adage 
that the dietary should be built around bread and milk. “Milk as a 
Food Throughout Life” is the appropriate title of a bulletin from 
the University of Wisconsin. 

In view of the fact that most physicians and dietitians recom¬ 
mend a quart of milk a day for children’s dietaries, whereas some 
believe that a smaller amount may do just as well, and because of 
the question as to the age at which the importance of milk in the 
diet begins to diminish, the New York Association for Improving 
the Condition of the Poor carried out in cooperation with Columbia 
University an extended series of experiments upon children from 
3 years to over 13 years of age to determine what quantity of milk 
per day, taken as part of a normal diet, would induce the best storage 
of calcium and phosphorus in the growing body and therefore pre¬ 
sumably the best development of bones and teeth. It was found that 
at all ages studied, extending from three to over thirteen years in¬ 
clusive, children generally must be fed about a quart of milk per day 
in order (allowing for individual variation) to ensure the best 
growth and development. As pointed out editorially in the Journal 
of the American Medical Association in the discussion of these re¬ 
sults: “The dietary rule of a quart of milk each day for every child 
is much more than a precept based on individual opinions or drawn 
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by analogy from the results of feeding experiments with lower ani¬ 
mals; it now rests on scientific evidence obtained by extensive and 
intensive experiments directly upon the children themselves.” 

The experiments just cited emphasize the importance of continu¬ 
ing the allowance of a quart of milk a day up to at least the age of 
13 to 14 years. It is also possible to determine by means of studies 
with laboratory animals of rapid development like the rat, the effect 
of different levels of milk consumption upon adult health when all 
other conditions of life are kept strictly uniform. This has been 
studied in the writer’s laboratory through several generations of 
experimental animals with results which show plainly that, starting 
with a dietary already adequate according to current standards, an 
increase in the proportion of milk up to approximately the equiv¬ 
alent of a quart of milk per day for every person, greatly favors 
growth and development in the young and confers improved health 
and vigor throughout adult life, actually postponing old age in the 
same individuals in which it has induced better growth and earlier 
maturity. 

The U. S. Department of Agriculture in the 1946 edition of its 
“National Food Guide” leaflet advocates as daily allowances of 
milk including the milk equivalent of canned and dried milk, 
cheese, and ice cream: 

“Children through teen age: 3 to 4 cups milk daily 
“Adults: 2 or more cups milk daily 
"Pregnant women: z\t least one quart milk daily 
“Nursing mothers: About U/ 2 quarts milk daily.” 

Recent research indicates clearly that these recommendations 
should be construed with liberal upward trend. It has now been 
repeatedly confirmed both by direct human experience and by 
accurately controlled experimentation with laboratory animals, that 
higher levels of milk consumption (than those hitherto considered 
adequate) tend strongly to higher levels of health and efficiency. As 
milk also represents the most economical and efficient conversion of 
feed crops into human food, high milk production and consumption 
is in line with the normal evolution of American agriculture. 

Observations of the health value of a liberal milk supply have 
also come at many times and from many places in the past. David 
Livingstone, writing of his travels in Africa in 1840-56, explained 
that the native slave hunters, in order to secure strong children for 
their slaves, were careful to make their forays upon tribes which were 
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known to be well supplied with cattle. The “water-porridge people” 
—those who did not have an adequate milk supply—were regarded 
as weaklings. 

McCollum and Simmonds summarized their extended study of 
the relation of milk to nutritional well-being in the statement 
(Newer Knowledge of Nutrition, 3rd Ed., p. 499) that: “Wherever 
dairy animals are abundant in proportion to the population and 
their products form the staple articles of diet, fine physical develop¬ 
ment is seen without exception.” 

It is doubtless still true that in no other way can prevailing food 
habits be so certainly and economically improved as by a more 
liberal use of good milk. 

For, as summarized in Rose’s Foundations of Nutrition by Doc¬ 
tors MacLeod and Taylor: “No other food can so well serve as the 
foundation of an adequate dietary because no other reinforces it 
at so many points. It is for this reason that the term ‘protective food’ 
is aptly applied to milk.” 
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CHAPTER IV. MILK PRODUCTS OTHER 
THAN BUTTER 


The dairy farming “belt” of the United States is generally con¬ 
sidered to extend from Vermont (inclusive) and Massachusetts south¬ 
ward and westward including New York, Pennsylvania, Ohio, In¬ 
diana, Illinois, Southern Michigan, Iowa, Wisconsin and Minnesota. 
Many other states, however, have very considerable and growing 
numbers of dairy cattle, and each of the Pacific coast states has cer¬ 
tain areas which are largely (and in parts of the moist Northwest, 
intensively) devoted to dairy farming. Outside of those districts, 
dairy cattle are important in total numbers. Thus Texas and Mis¬ 
souri each has a larger number of dairy cattle than has Vermont; 
but Vermont has a larger number of cows per farm and supports a 
higher degree of intensive dairy farming than Texas or Missouri. 

Commonly the manufacture of milk products begins in (or on 
the margin of) the market milk region, using the seasonal surplus 
of the market milk farms and thus resulting in a gradual intensifica¬ 
tion and extension of the original area of dairy farming. Increas¬ 
ingly, however, one now sees dairy farms developing also in regions 
where formerly only few dairy cattle were kept, improved facilities 
for transportation increasing the area available for milk farming. 

CREAM 

As the specific gravity of the fat globules is lower than of the 
milk serum, the action of gravity is sufficient for the rising of a 
cream layer when natural milk stands undisturbed. This top-milk 
serves as the cream supply of many households. 

Commercial cream, however, is almost always obtained by means 
of centrifugal separators. By the regulation of these machines, a 
cream of almost any desired fat content can be obtained, simul¬ 
taneously with a nearly fat free skim-milk (the “serum” of the 
originally secreted milk). Custom has led to the official recognition 
of three kinds of cream: (1) “Light” (i.e., thin), “coffee” or “table 
cream legally required, by Federal regulation, to contain not less 
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than 18 per cent fat; (2) "light whipping cream” containing 30 to 
36 per cent fat; and (3) "heavy cream" containing over 36 per cent 
fat. The official definitions of the (U. S.) Federal Food and Drug 
Administration (adopted 1945) are as follows: 

“§18.500 Cream class of food; identity. Cream is the (lass of food which 
is the sweet, fatty liquid or semi-liquid separated from milk, with or without 
the addition thereto and intimate admixture therewith of sweet milk or 
sweet skim milk. It may be pasteurized and if it contains less than 30 per¬ 
cent of milk fat as determined by the method hereinafter referred to, it may 
be homogenized. It contains not less than 18 percent of milk fat, as 
determined by the method prescribed in Official and Tentative Methods 
of Analysis of the Association of Official Agricultural Chemists,’ Fourth 
Edition, 1935, page 277, under 'Fat, Roese-Gottlieb Method—Official.’ The 
word ‘milk’ as used herein means cows’ milk. 

"§18.501 Light cream, coffee cream, table cream; identity. Light cream, 
coffee cream, table cream, conforms to the definition and standard of 
identity prescribed for the cream class of food by §18.500, except that it 
contains less than 30 percent of milk fat, as determined by the method 
referred to in such section. 

"§18.510 Whipping cream class of food; identity. Whipping cream is 
the class of food which conforms to the definition and standard of identity 
prescribed for the cream class of food by §18.500, except that it contains not 
less than 30 percent of milk fat, as determined by the method referred to in 
such section. 

"§18.511 Light whipping cream; identity. Light whipping cream con¬ 
forms to the definition and standard of identity prescribed for the whipping 
cream class of food by §18.510, except that it contains less than 36 percent 
of milk fat, as determined by the method referred to in §18.500. 

"§18.515 Heavy cream, heavy whipping cream; identity. Heavy cream, 
heavy whipping cream, conforms to the definition and standard of identity 
prescribed for the whipping cream class of food by §18.510, except that it 
contains not less than 36 percent of milk fat, as determined by the method 
referred to in §18.500.’’ 

(The foregoing serve as illustrations of the trend toward official 
definition too detailed to permit including all of them in this book.) 

As mentioned in Chapter III, cream is most logically considered 
—at least from the viewpoint of nutritional characteristics—as a 
form of milk containing more than its natural share of the milk fat 
(with its fat-soluble vitamins) and an only moderately diminished 
share of all other milk constituents. Thus if the milk contains about 
3.9 per cent, and the cream contains about 19 per cent, of fat, the 
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percentages of all of the “solids-not-fat” or of the serum constituents 
will be about six-scventlis as high in the cream as in the milk. Or, a 
pint of such cream contains approximately the same nutrients as 
six-sevenths of a pint of milk plus one-seventh of a pound of butter. 
Thus it is clear that thin cream in the dietary is essentially a form 
of milk, and that, while usually not quite so economical as milk, the 
cream is in no greater degree a luxury food than butter, eggs, or 
most cuts of meat. 

ICE CREAM 

Nutritionally, ice cream is, like cream itself, chiefly significant 
as a form of milk. In fact, so-called ice cream (as a still rather un¬ 
standardized commodity) may be more like milk than like cream in 
its fat content. Essentially, we may regard ice cream as containing 
all the nutrient constituents of milk, with or without a concentration 
of the milk fat and with only moderate dilution of the other milk 
solids by the added sweetening and other flavorings. This will still 
be true (in varying degrees of approximation) when the term ice 
cream is so elastically used as to include products which might more 
accurately be called frozen custards and ices or sherbets. 

The commercial manufacturer of ice cream depends for his profit 
very largely upon the “over-run,” that is, the degree in which the 
volume of the product exceeds that of the ingredients. This increase 
of volume was found by Holmes, Kuzmeski, and Canavan (1946) to 
average 85 per cent, due essentially to occluded air. Doubtless be¬ 
cause of the oxidation induced or accelerated by this intimately in¬ 
corporated air, they found no vitamin C in the three kinds of ice 
cream which they studied—coffee, maple, and vanilla—even if tested 
when freshly prepared. In contrast, even seven months’ storage at 
—10° F. caused decreases of only 5.4 per cent in the riboflavin, and 
15.7 per cent in the carotene, content. Holmes and his coworkers 
characterized the latter results as comparable to the losses of these 
vitamins in canned vegetables during a corresponding storage period. 

In addition to the ambiguities arising from the variable termi¬ 
nology, even “orthodox” ice cream may vary (partly as a result of 
differing state laws) from 7 to 14 per cent of fat by weight; milk 
solids-not-fat average about 10 per cent; sugar, about 15 per cent; 
gelatin, about 0.5 per cent. 

References to discussions of the technology and sanitation of ice 
cream manufacture are listed at the end of the chapter. 
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DRIED MILK 

Several processes have been successfully developed for bringing 
milk into the form of dry powder or dry flakes. Among the advan¬ 
tages thus gained are, of course, the great saving in the weight to be 
transported, and the fact that the dried milk is easily handled by 
methods which keep it practically immune to bacterial deterioration. 
The disadvantages arc the relatively high cost of milk-drying plants 
and the possibility of a detectable difference in flavor or some physi¬ 
cal property which may prejudice the consumer against the dried- 
and-reconstituted, in competition with “strictly original’’ fresh 
milk. 

The three main types of devices for drying milk on an industrial 
or commercial scale are: (1) passing the milk in thin layers over 
heated surfaces preferably in vacuo, (2) blowing air through layers of 
partially evaporated milk on perforated drying cylinders or web 
belts, (3) spraying partially evaporated milk into warm drying cham¬ 
bers. The latter process, which is the one most widely used, was 
originally described by Men ill * in outline as follows: 

Fresh whole milk is partially evaporated in a vacuum pan with 
precautions to prevent any of the albumin from coagulating on the 
walls of the chamber. The milk, still in a fluid condition, is then 
drawn from the vacuum pan and sprayed into a current of hot air. 
The remaining moisture is thus instantly evaporated and the par¬ 
ticles of milk solids fall like snow. This milk powder is said to aver¬ 
age less than 2 per cent moisture and to consist of particles from 
1/2000 to 1/10000 inch in diameter, in which the fat, sugar, and 
albumin of the milk exist in a dry state, chemically unchanged. Ac¬ 
cording to standards developed in connection with export to the 
United Kingdom, the milk powder is almost completely "soluble,” 
i.e., it so disperses in water as to yield no more than 5 per cent of 
sediment even when centrifuged. 

A modification of this process consists in spraying the milk with a 
swirling motion so that the fat globules will be coated with layers 
of dried protein and carbohydrate, thus protecting the fat from ex¬ 
posure to oxidation which is believed to be the chief factor in ran¬ 
cidity. Large-scale use of dried milk under wartime conditions often 
involving long transportation and all kinds of weather conditions 
brought hardly any reports of rancidity. 

• Journal of Industrial and Engineering Chemistry, August 1909. 
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It is very generally believed that diied milk will play an increas¬ 
ing part in the food supply, both in the household and in large scale 
feeding projects, and in breadmaking. At the request of the Ameri¬ 
can Public Health Association, its Committee on Nutritional Prob¬ 
lems prepared in 1921 a special report upon dried milks from which 
the following extracts may still be quoted, with interest and profit, 
as showing the extent to which the scientific advice therein contained 
has borne the test of a quarter-century of experience. 

In order that the seasonal surplus of milk produced in the present 
market milk areas may be conserved for human consumption, and that as it 
becomes necessary milk may be brought economically from greater dis¬ 
tances, it seems both inevitable and desirable that the preservation of milk 
by condensing, evaporating, or drying should be much more fully de¬ 
veloped, and that such preserved forms of milk (either as such or after 
being “remade” to the composition of fresh milk) shall play an increasingly 
important role in the food supply of the future. 

• • • • ■ 

7 he evidence ... is quite consistent, and plainly places dried milk 
with pasteurized milk as regards the various factors of food value. In both 
cases the only significant change which occurs as the result of the heat treat¬ 
ment with its attendant manipulations, if properly conducted, is a diminu¬ 
tion of the antiscorbutic vitamin. 

• • • • • 

Aside from the question of antiscorbutic vitamin, which easily can, and 
in our opinion always should, be provided from other sources, we believe 
that milk dried by any of the modern methods properly conducted is the 
equivalent of the fresh milk from which it was prepared. 

• • • • • 

We believe there is ample evidence to support the position taken by 
the Commission on Milk Standards that there is no occasion for prejudice 
or discrimination against dried milk as compared with pasteurized milk 
even as concerns the most delicate factors of nutritive value. 

Since the best standards of nutrition and health require not only the 
conservation of our present milk supply but its increase, in order that the 
per capita consumption of milk may grow with the knowledge of the food 
value of milk and its proper place in the diet, it is important that the 
drying of milk be considered also from the standpoint of the effect of this 
industry upon the dairy industry and milk supply as a whole. 

• • • • • 

The opinion is widely held, and in our judgment well founded, that 
the dry milk industry will not seriously compete with or in any way injure 
the fluid milk industry as it now exists, but, rather, will supplement it and 
make possible the good use of its seasonal surplus; that with increasing 



CONCENTRATED AND EVAPORATED MILKS 93 

recognition by consumers of the great importance of milk as food lor adults 
as well as for children, dried milk will come to be largely used in cookery 
without diminishing the consumption of milk in fluid form; that the drying 
of milk both as a means of preservation and of greatly reducing transpor¬ 
tation costs will permit the extension of the milk industry into regions too 
distant from large markets to ship milk in fluid form; that because of this 
extension of the source of supply, the greater consumption of milk in its 
different forms should not necessarily result in higher prices; that the dry¬ 
ing of milk will greatly facilitate the production and handling of milk in 
the South where lack of natural ice so greatly hampers the fluid milk indus¬ 
try and where an increased use of milk in the diet is so urgently needed 
and will doubtless do more than anything else toward the lowering of the 
infant death-rate and the suppression of pellagra among adults. 

The production of dry milk in the United States in 1930 was esti¬ 
mated at over 275 million pounds, of which over 90 per cent was 
skim-milk powder or flakes. While legal restrictions hamper the sale 
of skim-milk as such to the consumer, it is more easily dried than 
whole milk and yields a product which is more readily kept for long 
periods. Moreover, large quantities of skim-milk are available at low 
cost as a by-product of the separation of cream, especially in butter 
factories. 

During the 1930s, the use of milk powder (dried milk) in bread- 
making grew rapidly. To what extent either the competing wartime 
demand for dried milk for direct human use, or the movement for 
the enrichment of bread by adding of vitamins and iron, has checked 
or will check the use of milk in commercial bakeries is still a disputed 
question in 1948. It is greatly to be hoped that use of milk in bread- 
making may continue to grow, along with other ways of enriching 
bread and along with other ways of bringing dry milk into direct 
human consumption both at home and by shipment overseas. Milk 
production in the United States can readily be increased to keep pace 
with any increased demand which these developments may be ex¬ 
pected to bring. 

Under Federal regulation, dried skim-milk (also called powdered 
skim-milk, skim-milk powder, defatted milk solids) must contain less 
than 5 per cent of moisture. 

CONCENTRATED, CONDENSED, AND EVAPORATED MILKS 

Intermediate between fresh and dried milks, is this group of 
products for which official definitions and standards have been pro¬ 
vided by the Food and Drug Administration as follows: 
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"§18.520 Evaporated milk; identity; label statement of optional in¬ 
gredients. (a) Evaporated milk is the liquid food made by evaporating 
sweet milk to such point that it contains not less than 7.9 percent of milk 
fat and not less than 25.9 percent of total milk solids. It may contain one 
or both of the following optional ingredients: 

‘ (1) Disodium phosphate or sodium citrate or both, or calcium chlo¬ 
ride, added in a total quantity of not more than 0.1 percent by weight of 
the finished evaporated milk. 

"(2) Vitamin D in such quantity as increases the total vitamin D con¬ 
tent to not less than 7.5 U. S. P. units per avoirdupois ounce of finished 
evaporated milk. 

“It may be homogenized. It is scaled in a container and so processed 
by heat as to prevent spoilage. 

“ (h) When optional ingredient (a) (2) is present, the label shall bear 
the statement, ‘With Increased Vitamin D Content’ or ‘Vitamin D Content 
Increased.’ Such statement shall immediately and conspicuously precede or 
follow the name ‘Evaporated Milk,’ without intervening written, printed, 
or graphic matter, wherever such name appears on the label so conspicu¬ 
ously as to be easily seen under customary conditions of purchase. 

“ (c) For the purpose of this section: 

’’(]) The word ‘milk’ means cows’ milk. 

“(2) Such milk may be adjusted, before or after evaporation, by the 
addition or abstraction of cream or sweet skim milk, or by the addition of 
concentrated sweet skim milk. 

“ (3) The quantity of milk fat is determined by the method prescribed 
under ‘Fat—Official’ on page 280, and the quantity of total milk solids is 
determined by the method prescribed under ‘Total Solids—Official’ on 
page 279, of ‘Official and Tentative Methods of Analysis of the Association 
of Official Agricultural Chemists,’ Fourth Edition, 1935. 

“ (-1) Vitamin D content may be increased by the application of radiant 
energy or by the addition of a concentrate of vitamin D (with any accom¬ 
panying vitamin A when such vitamin D in such concentrate is obtained 
from natural sources) dissolved in a food oil; but if such oil is not milk 
fat, the quantity thereof added is not more than 0.01 percent of the weight 
of the finished evaporated milk. 

“ (5) The quantity of vitamin D is determined by the method prescribed 
in the ‘The Second Supplement to the Pharmacopoeia of the United States 
of America Eleventh Decennial Revision,’ pages 132—134 inclusive, and 
pages 136-138 inclusive, with such modification of the method of feeding 
as is necessary for evaporated milk instead of an oil. [Reg., June 28, 1940; 
effective Mar. 1, 1941; 5 F.R. 2444, 3621 j 

"§18.525 Concentrated milk, plain condensed milk; identity; label 
statement of optional ingredients. Concentrated milk, plain condensed 
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milk, conforms to the definition and standard of identity, and is subject to 
the requirements for label statement of optional ingredients, prescribed for 
evaporated milk by §18.520, except that: 

“(a) It is not processed by heat; 

“ (b) Its container may be unsealed; and 

“(c) Optional ingredient §18.520 (a) (1) is not used. 

“§18.530 Sweetened condensed milk; identity, (a) Sweetened con¬ 
densed milk is the liquid or semi-liquid food made by evaporating a mix¬ 
ture of sweet milk and refined sugar (sucrose) or any combination of re¬ 
fined sugar (sucrose) and refined corn sugar (dextrose) to such point that 
the finished sweetened condensed milk contains not less than 28.0 percent 
of total milk solids and not less than 8.5 percent of milk fat. The quantity 
of refined sugar (sucrose) or combination of such sugar and refined corn 
sugar (dextrose) used is sufficient to prevent spoilage. 

“(b) For the purpose of this section: 

“ (1) The word ‘milk' means cows’ milk. 

"(2) Such milk may be adjusted, before or after evaporation, by the 
addition or abstraction of cream or sweet skim milk, or the addition of 
concentrated sweet skim milk. 

“(3) Milk fat is determined by the method prescribed in 'Official and 
Tentative Methods of Analysis of the Association of Official Agricultural 
Chemists,’ Fourth Edition, 1935, page 281, under ‘Fat—Official’.” 

By evaporating a large proportion of the water from milk, the 
keeping property is much improved and the labor and expense of 
subsequent handling and transportation of the product are further 
reduced through the saving in bulk and weight. 

In the industry the term condensed milk means the product 
which has been condensed and canned with the least possible heat 
treatment and with added sugar to assist in its preservation, while 
evaporated milk means the product of condensation and canning 
without addition of sugar but with a much more drastic heat treat¬ 
ment than the (sweetened) condensed milk receives. 

Condensed (sweetened condensed) milk is manufactured by very 
carefully regulated processes briefly outlined as follows: Fresh cows’ 
milk is heated to 160° to 180° F. to expel the dissolved gases and then 
run into vacuum pans, about 16 pounds of sugar per 100 pounds of 
fresh milk is added, and the mixture evaporated in vacuo at a tem¬ 
perature of 130° to 150° F, until the desired concentration is reached, 
usually until one pound of the final product represents about 2/ 
to 2\/ 2 pounds of fresh milk. This final product is of semiliquid con¬ 
sistency with a specific gravity of about 1.29 and averages about 30 
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per cent water, 30 per cent milk solids, and 40 per cent cane sugar. 

Evaporated (unsweetened condensed) milk is prepared in much 
tlie same manner as just described for condensed milk except that no 
sugar is added and the evaporated milk after being run into the 
cans, is sterilized by heating to temperatures much higher than are 
employed at any stage in the preparation of (sweetened) condensed 
milk. Heating at from 22G° F. to 240° F. for from 30 to 60 minutes 
is said to be common in the sterilization of evaporated milk. This 
necessarily gives the product more or less of a cooked taste. Its spe¬ 
cific gravity is usually about 1.065. 

Nutritive value and place in the diet. Most of the considerations 
regarding the nutritive value of milk and its place in the diet apply 
also to condensed and evaporated milks since these are essentially 
milk in a more concentrated form, with or without sugar added to 
permit of the preservation of the product with a minimum of heat¬ 
ing. Whether condensed and evaporated milks can be sold at prices 
making them more economical to the consumer than an equivalent 
amount of fresh milk of corresponding sanitary quality must depend 
upon local conditions. Where the fresh milk supply is not of good 
sanitary quality or not uniform, the uniformity of canned milk is 
a point in its favor. 

The canned milk industry uses about 5,000,000,000 pounds of 
milk a year in the United States and furnishes about 15 pounds of 
canned milk per capita yearly. 

About the same amount of milk is used by the ice cream industry 
and provides about 3 gallons of ice cream per person per year. 

CHEESE 

Cheese manufacture takes about the same amount of milk as 
each of the two industries just mentioned, and the product in this 
case amounts to between 4 and 5 pounds of cheese a year per person 
of the United States. 

Cheese was probably the first commercial product manufactured 
from milk and the first form in which milk was preserved for future 
use upon any large scale. It has for centuries been an important 
article of diet in many countries, and is made in a great variety of 
forms. Specialists describe no less than 400 varieties of cheese. Many 
of these, however, represent only minor variations. Doane and Law- 
son recognized about 18 distinct types or kinds of cheese. 

It is estimated that in 1850 there was made in the United States 
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about 100,000,000 pounds of cheese, all of it on farms or in the 
household; in 1930, about 600,000,000 pounds, of which over 99 per 
cent was made in factories. 

About two thirds of the domestic supply of cheese is made in 
Wisconsin, the larger part of the remainder in New York, while small 
but increasing amounts are contributed by several other states in¬ 
cluding the Pacific Northwest and some of the mountain sections 
of the South. 

Including that imported, the total cheese consumption in the 
United States is only about 5 pounds per person per year, a low 
figure in comparison with many European countries and with the 
amounts of meat and butter consumed in this country. Consumption 
of all the chief types of cheese seems to be increasing. Cottage cheese 
consumption tripled between 1918 and 1930, a period in which the 
United States Department of Agriculture was working on improved 
methods of manufacture and promoting appreciation of its value as 
food. 

Cheese is roughly divided into two main types: the hard cheeses 
such as Cheddar, Edam, Emmental (or Swiss), Parmesan and Roque¬ 
fort; and the soft cheeses such as Brie, Camembert, cottage, cream, 
Limburg, and Neufchatel. The soft cheeses are also subdivided into 
the unripened, such as cottage, and the ripened, such as Camembert 
and Limburg, cheeses. 

Approximately two thirds of the cheese made in this country is 
of the Cheddar type and is therefore properly known as American 
Cheddar cheese, although frequently called simply “American 
cheese” or, in the trade, “standard factory cheese.” In addition to 
this standard type of cheese, smaller quantities of other types are 
made. Some New York factories make cheeses of the Brie, Camem¬ 
bert, and Neufchatel types, while cheeses of the Swiss and of the 
Limburg types are made in Wisconsin. 

The principal importations of cheese into the United States are 
of Parmesan and Gorgonzola cheese from Italy; Emmental cheese 
from Switzerland; Roquefort, Camembert, and Brie, from France; 
and Edam cheese from Holland. 

MANUFACTURE OF AMERICAN CHEDDAR CHEESE 

This process is divided into several fairly distinct steps as follows: 
(1) inspection of milk, (2) ripening of milk, (3) addition of color— 
when color is used, (4) coagulating the milk, (5) cutting the curd. 
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(6) stirring and heating the curd, (7) removing whey, (8) cheddaring 
the curd, (9) milling the curd, (10) salting and pressing the curd, (11) 
ripening or curing the cheese. 

Inspection of milk. Each can of milk received for cheese making 
should be examined as to acidity, cleanliness, and flavor. Sometimes 
a rapid examination by the senses of sight and smell is deemed suffi¬ 
cient; sometimes a toughly quantitative determination of the acidity 
is made. When the cheese maker is troubled with abnormal fermen¬ 
tation or defective curd, it may be necessary for him to make a test 
of each farmer’s milk to determine the nature of the fermentation 
which it shows and of the curd which it yields, in order that the par¬ 
ticular milk which is responsible for the trouble may be located and 
excluded. 

Ripening of milk. I his consists in keeping the milk at about 
80° F. (30 C.) until the desired amount of lactic acid has formed. 
Starters, consisting of commercial cultures of lactic acid bacteria or 
of milk in active lactic acid fermentation, are sometimes added to 
facilitate the ripening process. The lactic acid is important in its 
influence on the operations of cheese making, and its presence also 
tends to repress abnormal fermentations. The proper degree of ripe¬ 
ness is judged either by titrating for acidity or by testing a portion 
of the milk with rennet to see whether it coagulates as readily as is 
desired. Acidity equivalent to 0.20 per cent of lactic acid usually 
marks the completion of the ripening process. 

Addition of color. When coloring matter is used in cheese mak¬ 
ing, it should be added to the ripened milk just before coagulating it 
with rennet. 

Coagulating the milk. Rennet is the most useful reagent for the 
precipitation of the curd, that prepared from calves’ stomachs being 
the most highly prized for cheese making. Rennet is now prepared 
on a large scale and is purchased from the makers for use in the 
cheese industry. The quality of the rennet is very important. The 
amount of rennet to be added depends, of course, upon the strength 
of the preparation, but should be sufficient so that when mixed with 
the milk and kept at 84°-86° F. the milk will be curdled in 15 to 20 
minutes if it is to be used for a quick-curing cheese, and in 30 to 40 
minutes for a slow-curing cheese. Before adding, the extract should 
be diluted with 40 times its volume of water at a temperature of 
85°—90° F. so as to prevent the production of a lumpy curd. Previous 
to adding the rennet, the milk is thoroughly stirred in order to dis- 
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tribute the fat evenly; and the rennet is added evenly and slowly 
with constant stirring, which is continued for several minutes. Alter 
this, the milk is stirred gently near the surface to prevent separation 
of cream. All stirring is stopped as soon as (or before) coagulation 
begins, and the milk is then left covered and undisturbed while the 
coagulation gradually continues until the whole mass forms one co¬ 
herent curd and is ready for cutting. 

Cutting the curd. In order that the whey may be separated, it is 
necessary that the curd be cut into pieces: the smaller the pieces of 
curd, the more rapidly will the whey escape. As soon as the curd is 
formed it tends to contract and force out a portion of the whey. By 
cutting the curd the surface from which the whey can exude is in¬ 
creased and so the separation of the whey from the curd goes on 
much more rapidly. The time for cutting the curd is important and 
is determined by the skill and experience of the cheese maker. If the 
curd is cut when it is too soft, there may be a large loss of fat, with 
a resulting decrease in the yield and quality of the cheese. If the 
curd is allowed to become too hard before cutting, the whey is re¬ 
moved with greater difficulty; and if incompletely removed, a cheese 
of low quality results. TJae cutting is accomplished by drawing spe¬ 
cially devised cutting knives through the mass of curd, both hori¬ 
zontally and vertically, so as to cut it into cubes of one-quarter to 
one-half inch size. 

Stirring and heating the curd. As soon as the curd is cut, the whey 
begins to separate, and the mass of cut curd is then kept in gentle 
motion by stirring, taking care to avoid breaking the cubes. This 
results in the separation of a clear whey, free from fat or particles of 
curd. The curd contracts and hardens during this process and soon 
reaches a condition in which the surfaces do not readily adhere. 
During this process of separation of the whey, the temperature is 
raised to about 90° F. and finally toward the last to about 98° F. 

Removing the whey. The precipitated curd is left in contact with 
the whey for some time, during which time there is some action of 
the acid of the whey upon the protein of the curd, which is allowed 
to continue until a small mass of the curd, which has been squeezed 
in the hand to remove the whey and then pressed momentarily 
against a bar of iron heated a little below redness, will leave adhering 
to the iron fine, silky threads, the length of which indicates roughly 
the extent to which the desired combination of acid and protein has 
taken place. Usually the curd is separated when the hot-iron test 
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shows strings about one-eighth of an inch long; but other tests may 
also be used to aid in judging when the whey should be removed. 
The whey is run off gradually while the stirring of the curd is con¬ 
tinued. 

Cheddaring the curd. Most of the whey having run off, the cubes 
of curd are left piled in the bottom of the vat until they mat or pack 
together, which process is technically known as cheddaring. Some¬ 
times the cheddaring is accomplished in a special apparatus called 
the curd sink. When the cheddaring of the curd is complete, the mass 
is cut into blocks, 6 to 12 inches in each dimension, which are turned 
in the vat in order to facilitate the further removal of whey, and 
are then carefully piled. T he process of solidifying or cheddaring has 
two results: first, the more complete removal of the whey, and second, 
the formation of a characteristic texture in the curd which becomes 
less rubberlike and more velvety and forms strings of an inch or 
more in length when tested with the hot iron. During the cheddaring 
a considerable increase of acidity occurs, the last of the whey which 
drains from the piled curd showing usually an acidity equal to 0.6 
to 0.9 per cent of lactic acid. 

Milling the curd. The milling process consists in cutting the 
lumps of curd into small pieces of uniform size in order that it may 
be salted more evenly and handled more readily when it is placed 
in hoops for pressing. This is done by means of curd mills designed 
to avoid as far as possible the loss of fat which would result from 
crushing or squeezing the curd. 

Salting and pressing. Salt is added chiefly for flavoring, but also 
it aids in removing the whey, it hardens the curd, it checks the 
further formation of lactic acid, and it helps to prevent the develop¬ 
ment of undesirable fermentation. Excessive salting is, however, 
injurious. Usually from 1 to 3 pounds of salt are added to the curd 
obtained from 1000 pounds of milk. After filling the curd into the 
mold it is pressed in the proper form by a uniform pressure which 
is continued for 24 to 48 hours. Usually a light pressure is applied 
at first and gradually increased during about an hour, when the 
cheese is removed, trimmed, turned, wrapped in cloth, and replaced 
for the final pressing. 

Ripening or curing the cheese. When taken from the press, cheese 
is said to be unripe, green, or uncured. It must be stored for weeks 
or months to become properly ripened. The higher the temperature 
to which cheese is exposed in ripening, the more rapid the process 
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will be, but this is attained usually at the expense of the quality of 
the cheese. For the best results, the ripening is conducted at a tem- 
peiature not above 55° F. and requires a comparatively long time. 
During the ripening the cheese undergoes some loss of weight by 
evaporation of moisture, but the chief object of the ripening process 
is to secure certain changes in texture and flavor which depend essen¬ 
tially upon a gradual hydrolysis of the cheese protein, the changes 
being very similar to those which take place in digestion. 

The increase of soluble proteins, and of the products of further 
cleavage, which takes place at the expense of the insoluble protein 
of the original curd, is shown in Table 7, which is condensed from 
data given by Van Slyke and Publow. 

TABLE 7. DEVELOPMENT OF PROTEIN CLEAVAGE PRODUCTS 
IN CHEESE 


NITROCEN, EXPRESSED AS PERCENTAGE OF THE TOTAI. NITROGEN OF 

THE CHEESE. IN THE FORM OF: 


AGE OF 

CHEESE 

Soluble 
proteins and 
derivatives 

Proteoses 

Peptones 

Amino acids 

Ammonia 

Months 

per cent 

per cent 

per cent 

per cent 

per cent 

l Vz 

21.44 

3.15 

3.84 

9.88 

1.56 

3 

30.98 

4.56 

4.65 

14.36 

2.45 

6 

36.15 

4.92 

4.22 

19.96 

3.52 

9 

43.45 

4.59 

3.56 

26.53 

4.74 

12 

44.75 

4.16 

3.95 

28.38 

5.41 

18 

47.25 

3.88 

2.57 

30.46 

6.62 


The changes which take place in the cheese protein during the 
ripening process are doubtless due to a combination of factors. Ac¬ 
cording to Van Slyke, (1) the lactic acid, (2) the rennet enzyme, (3) 
the milk enzyme (galactase), (4) microorganisms, chiefly bacteria, all 
play important parts in the ripening process. 

OTHER VARIETIES OF CHEESE 

Since about seven-eighths of all the cheese used in the United 
States is represented by Cheddar, cottage, and cream cheese, only 
those types can be considered at all fully in this chapter. The follow¬ 
ing statements regarding a few other varieties of cheese are abbre¬ 
viated from the descriptions given by Doane and Lawson.* 

• Varieties of Cheese: Descriptions and Analyses, United States Department 
of Agriculture, Bull. 608 (1932). 
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Brie. This is a soft rennet cheese made from cows’ milk. The 
cheese varies in si/e and also in quality, depending on whether whole 
or partly skimmed milk is used. The method of manufacture closely 
resembles that of Camembert. 

This cheese has been made in France for several centuries. Men¬ 
tion was made of it as early as 1-107. It is made throughout France, 
but more extensively in the Department of Seine et Marne, in which 
it doubtless originated. More or less successful imitations of this 
cheese arc made in other countries. 

Camembert. This is a soft rennet cheese made from cows’ milk. 
A typical cheese is about -1 \/ x inches in diameter and 1 inch thick and 
is usually found on the market in this country wrapped in paper and 
inclosed in a wooden box of the same shape. The cheese usually has 
a rind about one-cigluh of an inch in thickness which is composed of 
molds and dried cheese. The interior is yellowish in color, and waxy, 
creamy, or almost fluid in consistency, depending largely upon the 
degree of ripeness. 

Camcmbett cheese is said to have originated in 1791 in the local¬ 
ity from which it derives its name in the Department of Orne, in the 
northwestern part of France. The industry extended soon into Cal¬ 
vados, and these two departments are still the principal seat of the 
industry. Very successful cheeses of this type have been made at the 
Storrs Agricultural Experiment Station in Connecticut. 

Edam. This is a hard rennet cheese produced in Holland. For¬ 
merly the best of the product was made of unskimmed cows’ milk, 
but nearly all of it at the present time is made from milk which has 
had part of the fat removed. The cheeses are round and are colored 
deep red on the surface or wrapped in tin foil. 

Emmental or Swiss. This is a hard rennet cheese made from par¬ 
tially skimmed cows’ milk, and has a mild, somewhat sweetish flavor. 
It is characterized by holes or eyes which develop to about the size 
of a half inch in typical cheeses and are situated from 1 to 3 inches 
apart. 

Emmental cheese is a very old variety. In the middle of the fif¬ 
teenth century a cheese probably of this type was manufactured in 
the Canton of Emmental. In the middle of the seventeenth century 
the industry was well developed and Emmental cheese as we now 
know it was being exported. 

In the United States, its manufacture received an important im¬ 
petus through the discovery, in the Dairy Division of the United 
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States Department of Agriculture, of the organisms responsible for 
the particular combination of flavor and texture desired. The Swiss 
cheese industry in this country is centered largely in a small district 
in Wisconsin. 

Parmesan. This name is in common use outside of Italy for the 
cheese made and known in that country for centuries as Grana, the 
term referring to the granular appearance of the cheese when broken, 
as is necessary on account of the hardness of the cheese, which makes 
cutting practically impossible. There are two quite distinct varieties 
of Parmesan cheese, one made in Lombardy and the other in Emilia. 
Parma has long been an important commercial center for both va¬ 
rieties, and to this fact the name Parmesan is due. 

Parmesan cheese when well made may be broken and grated 
easily and may be kept for an indefinite number of years. It is grated 
and used largely for soups and with macaroni. 

Pineapple. This cheese, which is said to have had its origin in 
Litchfield County, Conn., about 1845, is named from the fruit which 
the cheese is made to resemble in shape. It is a hard rennet cheese 
made from whole milk. After pressing, the cheese is dipped for a few 
minutes in water at 120° F. and is then put in a net for twenty-four 
hours, which gives it the diamond-shaped corrugations on the surface. 

Roquefort. This is a hard rennet cheese made from the milk of 
sheep. There are, however, numerous imitations or varieties closely 
resembling Roquefort, made from cows’ milk. One of the most 
striking characteristics of this cheese is the mottled or marbled ap¬ 
pearance of the interior, due to the development of a pcnicillium, 
which is the principal ripening agent. The manufacture of Roque¬ 
fort cheese has been carried on in the southeastern part of France 
for at least two centuries. 

Formerly the manufacture of the cheese was carried on by the 
shepherds themselves, but in recent years centralized factories have 
been established and much of the milk is collected and there made 
into cheese. The cheese is then taken to caves, for the most part 
natural caverns which exist in large numbers in the region of Roque¬ 
fort, and through which the air circulates freely. Recently, artificial 
caves have been constructed and used. When the cheeses reach the 
caves they are salted, which serves to check the growth of the mold 
on the surface. One or two days later they are rubbed vigorously 
with cloth and are afterwards subjected to thorough scraping with 
knives, a process formerly done by hand, but now much more satis- 
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factorily and economically by machinery. The salting, scraping, or 
brushing seems to check the development of mold on the surface. In 
order to favor the growth of mold in the interior, the cheese is 
pierced by machinery with small steel needles, which process permits 
the free access of air. The cheese may be sold after thirty to forty days 
or may remain in the caves as long as five months, depending upon 
the degree of ripening desired. The cheese loses during ripening by 
scraping and evaporation as much as 25 per cent of the original 
weight. The weight when ripened is about 4\/ 2 to 5 pounds. 

Stilton. This is a hard rennet cheese, the best of which is made 
from cows’ milk to which a portion of cream has been added. It was 
first made near the village of Stilton, Huntingdonshire, England, 
about the middle of the eighteenth century. Its manufacture has 
extended to other parts of England. 

PROCESS cheese: cheese spreads 

It is estimated that nearly half the cheese eaten in the United 
States is bought in small packages in such unstandardized forms as 
process cheese and cheese spreads generally having a basis of real 
cheese of Cheddar type but this emulsified with solutions of disodium 
phosphate, sodium citrate, sodium potassium tartrate, or a mixture 
of such salts. 

DIGESTIBILITY OF CHEESE 

The discomfort which sometimes follows the eating of cheese 
may be due in part to irritation of the stomach by the volatile acids 
and some of the protein cleavage products developed during the 
ripening, but is doubtless very largely attributable to the unsuitable 
way in which cheese is often eaten—as at hours other than meal 
times or at the end of a meal already sufficient. When given a ra¬ 
tional place in the meal, and thoroughly chewed, cheese is usually 
well digested. In a large number of digestion experiments carried 
out by the United States Department of Agriculture, it was found 
that on an average about 95 per cent of the protein and over 95 per 
cent of the fat of the cheese were digested and absorbed.* Hence, so 
far as the coefficients of digestibility are concerned, the various kinds 
of cheese tested were found to compare favorably with the average 
food of an ordinary mixed diet. 


• Yearbook of the United States Department of Agriculture, 1910, p. 366. 
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1 he general belief that cheese is difficult of digestion is attributed 
by Langworthy to its being digested to a less extent in the stomach 
than many other foods, the digestion of the cheese taking place 
chiefly in the intestine. In order to determine whether the digestion 
of cheese requires a greater expenditure of energy than the digestion 
of meat, Langworthy measured accurately by means of the respira¬ 
tion calorimeter the energy metabolism of the same man after eating 
a meal consisting chiefly of beef and again under circumstances 
otherwise the same after eating a meal containing instead of the 
beef a coi responding amount of cheese. The results differed by 
only 2 Calories per hour, which is about the margin which must be 
allowed for experimental error in such measurements. Langworthy 
therefore concluded that “it seems fair to believe that there was 
practically no difference between the cheese and the meat with re¬ 
spect to ease of digestion, at least in such quantities as are commonly 
eaten.” 

PLACE OF CHEESE IN THE DIET 

Langworthy records a case of a young man who “for the sake of 
such considerations as ease of preparation and relative economy" 
lived for over two years on a diet of cheese, bread, and fruit. The 
man enjoyed good health and did not tire of his diet. A quantitative 
record covering a part of the time indicated that the man was ac¬ 
customed to consume slightly over one half pound of cheese, one 
pound of whole wheat bread, and two pounds of fresh fruit per day. 

The amounts of cheese eaten by the various men who took part 
in the experiments of the United States Department of Agriculture 
were usually from one third to one half pound per day. These quan¬ 
tities were taken with relish and were well digested even though the 
men as a rule had previously not been accustomed to eat any con¬ 
siderable quantity of cheese. 

As already suggested, cheese should be eaten with intelligence, 
under which condition it may well be used as a regular staple article 
of food, interchangeably with such foods as meats and fish. As the 
food value and digestibility of cheese become better known and its 
sophistications better controlled, it should come to occupy a more 
prominent place in the typical American dietary than it does at 
present. 
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FERMENTED MILKS: L. ACIDOPHILUS; LACTOSE LEMONADE 

We have seen that the making of cheese is a very old method of 
preserving milk for future use as food. Another old method, yielding 
a product less permanent than cheese, but much more permanent 
than fiesh milk, is to allow the milk to undergo fermentation of such 
a character that the fermentation products are not unwholesome or 
unpleasant for human consumption, yet serve as preservatives to 
prevent undesirable types of decomposition. 

David Livingstone found this method in general use in Africa 
in 1840-56. Marco Polo described it as practiced by the peoples of 
Centtal and East-Central Asia; and was enthusiastic in his praise of 
the horsemen of that region who lived largely on the sour milk curds 
which, on occasion, they carried in saddle-bags on their campaigns. 
In the Near East, soured milk is also prominent in the food supply 
and highly esteemed as conducive to health and vigor. According to 
McCollum and Simmonds (Newer Knowledge of Nutrition, 3rd Ed., 
p. 157), Wherever it is used in liberal amounts as human food, the 
people are of exceptional physical perfection.” Probably this is 
mainly due to the same nutritive properties of milk which we have 
considered in the preceding chapter; but there may also be virtue in 
some of the special properties of the soured milk products as de¬ 
scribed below. 

In recent years various products of this type such as kumiss, kefir, 
yoghurt, and fermented milks sold under proprietary names have 
come into increasing use in Western Europe and in America. 

Buttermilk is a food of the same type, and until recently the 
demand for fermented milk in this country was readily met by the 
sale of a part of this by-product of buttermaking. As the manufacture 
of butter and the handling of market milk and cream grew to be 
separate industries, dealers in milk and cream sometimes met the 
demand for buttermilk by fermenting the skim-milk which remains 
as a by-product of the cream trade. Such fermented skim-milk is, 
of course, not literally buttermilk, although it may be indistinguish¬ 
able in composition and properties and equal in food value. 

On the other hand, the products made by fermenting whole milk 
are of considerably greater food value because of their higher fat 
content and vitamin A value. 

It is, however, not simply because of the amounts of nutrients 
which they contain that these fermented milks have attracted special 
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attention, but also because of belief that the finely coagulated casein 
of these preparations is more easily digested than the curds which arc 
formed in the stomach alter drinking ordinary milk, and especially 
because of the possible therapeutic or prophylactic value of the lactic 
acid or lactic acid bacteria which they contain. 

In some cases it is possible that the fermentation products (lactic 
acid, alcohol, carbonic acid) may have a slight stimulating or tonic 
action in the digestive tract; otherwise any increased digestibility of 
the fermented milk is due not so much to changes in the chemical 
nature of the milk constituents as to the fact that the casein is fur¬ 
nished in a precipitated and finely divided condition. The fermen¬ 
tation does not involve any material digestive cleavage of the casein 
such as occurs in the ripening of cheese. The fat is almost unchanged 
and only a part of the milk sugar is converted into organic acids, 
alcohol, and carbonic acid. In certain disorders of the stomach in 
which there is much difficulty in retaining food, it has frequently 
been found possible to use one or another of the fermented milks 
with good results. Ever since the studies of MetchinikofT and his 
associates at the Pasteur Institute in Paris, there has also been much 
interest in fermented milks as a possible means of preventing or 
controlling excessive intestinal putrefaction. It is for this purpose 
that cultures supposed to give a purer lactic acid fermentation than 
that of buttermilk have been introduced. 

Some representative analyses of fermented milks are given in 
Table 8. 


TABLE 8. ANALYSES OF SOME FERMENTED MILKS 


BUTTERMILK 
(LARSEN AND WHITE) 

per cent 


Water 90.39 

Fat 0.50 

Protein 3.60 

Milk Sugar 4.06 

Lactic Acid 0.80 

Alcohol 

Ash 0.75 


KUMISS OR KEFIR (HAMMARSTEN) 


2 days old 

4 days old 

6 days old 

per cent 

per cent 

per cent 

88.12 

88.79 

89.00 

3.62 

3.63 

3.63 

3.03 

3.07 

3.07 

3.70 

2.24 

1.67 

0.66 

0.83 

0.90 

0.23 

0.81 

1.10 

0.61 

0.63 

0.63 


Acidophilus milk may have essentially the composition of fresh 
milk except that usually a part of the lactose has been changed to 
lactic acid. 
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The use of fermented milk to combat excessive intestinal putre¬ 
faction is based on the belief that the putrefactive bacteria, which so 
often predominate, can be largely displaced by acid-forming bacteria 
taken in sufficient abundance in some form of fermented milk, espe- 
tially if with the cultures of the desired acid-forming bacteria liberal 
quantities of milk sugar (lactose) are taken. Of the different kinds of 
acid-forming bacteria which have been tried, the species known as 
Lactobacillus acidophilus seems best adapted to establish and main¬ 
tain itself in the human intestine. 

Rettger and his coworkers at Yale have shown by extensive in¬ 
vestigations that the intestinal conditions can often be very greatly 
improved by the taking of milk cultures of Lactobacillus acidophilus. 
Acidophilus milks are now available commercially, and several 
which conform to its standards for numbers and viability of organ¬ 
isms and for accuracy in labeling have been accepted by the Council 
on Pharmacy and Chemistry of the American Medical Association. 
Since the implantation of the acid-forming bacteria in the intestine 
is most likely to be successful if considerable quantities of lactose 
(milk sugar) are given along with the bacterial cultures, lactose is 
often stirred into the acidophilus milk before drinking it. This 
diminishes the sour taste of the preparation as well as increasing 
its effectiveness. Since, under ordinary conditions, the intestine 
nearly always contains some bacteria of the Lactobacillus acidophilus 
type, the taking of liberal amounts of lactose even without the cul¬ 
tures of the organism, may be more or less effective in bringing about 
a piedominance of the acid-forming over the putrefactive types of 
bacteria. Hence a liberal consumption of lactose lemonade or of 
orange juice sweetened with lactose (milk sugar) is often helpful in 
improving intestinal hygiene, whether acidophilus milk is taken or 
not. Liberal amounts both of the milk culture of L. acidophilus and 
of lactose in some form are thought usually to give better results than 
either alone. 

For a fuller account of the bacteriology involved the reader 
should consult Rettger and Cheplin’s Treatise on the Transforma¬ 
tion of the Intestinal Flora with Special Reference to the Implanta¬ 
tion of (Lacto) Bacillus Acidophilus (Yale University Press); or 
Kopeloff s Lactobacillus Acidophilus (Williams and Wilkins); and 
for practical dietary discussion of the feeding of acidophilus cultures 
and lactose, Rose’s Feeding the Family, Fourth Edition (The Mac¬ 
millan Company). 
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Lactose lemonade won its first and chief prominence (at least so 
far as the present writer is aware) through its use by Dr. W arren 
Coleman in the feeding of typhoid patients. It is, of course, a house¬ 
hold (or hospital) rather than a commercial product. Its advantages 
as a means of increasing the energy intake without effect upon bulk 
or taste, and at the same time favoring the development and main¬ 
tenance of a wholesome type of intestinal llora are such that it de¬ 
serves to be kept in mind. 

PLACE OF MILK PRODUCTS IN THE DIET 

Considering milk and its products other than butter as one food 
group, this group deserves a higher place in our diet than it has held 
at any time within the four decades for which the U. S. Department 
of Agriculture publishes records. In view of the fairly steady increase 
during that time, it comes as a surprise to many people to learn that 
a recent authoritative world-survey reported the United States as 
ranking, in its per capita milk consumption, barely within the lead¬ 
ing fourth of the countries whose statistics were presumably fairly 
accurate. 

American families must increase their per capita consumption 
of this type of food if they are fully to share the benefit of recent 
advances in our knowledge of nutrition. The increased consumption 
may be in the form of fluid milk (and, if desired, thin cream); or of 
canned or dried milk (including dried skimmed milk used in house¬ 
hold and commercial food preparation), or of cheese, or of fermented 
milk, or ice cream, or of some combination of these. Thus the diet 
may be interestingly diversified at the same time that the nutrition¬ 
ally desirable adjustment is made. 
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CHAPTER V. EGGS 


Doubtless eggs of various kinds were among the very earliest of 
human foods. At the present lime only the eggs of hens, ducks, geese, 
guinea fowl, anti turkeys are commonly used for food; and of these, 
hens’ eggs are so much more abundant than all others that, unless 
otherwise explained, all statements made here may be understood 
as referring to liens’ eggs. 

PRODUCTION 

It is difficult to measure the egg production and consumption of 
the United States, because eggs are so largely consumed by the 
producer or sold at retail without going through trade channels 
from which accurate statistics can be obtained. Recently the United 
States Department of Agriculture has estimated the egg production 
of the 1920s higher than it then did. The 1947 estimates for the years 
from 1925 to 1946 are as shown in Table 9. 

TABLE 9. EGG PRODUCTION IN THE UNITED STATES. 1925 TO 
1916 (ESTIMATES OF U. S. DEPARTMENT OF AGRICULTURE) 



TOTAL 

PER 

CAPITA 

Year 

PRODUCTION 

NO. OF 


DOZENS 

ECCS 

1925 

2.914,100.000 

305 

1926 

3,104,000.000 

320 

1927 

3.218,900,000 

326 

1928 

3,221,600,000 

322 

1929 

3,160,100,000 

312 

1930 

3,255,600,000 

317 

1931 

3.211,000.000 

311 

1932 

3.024,800,000 

291 

1933 

2.959,500.000 

282 

1934 

2.869,100,000 

262 

1935 

2,800,800,000 

264 



PRODUCTION 

PER 

NO. OF 

Year 

TOTAL 

CAPITA 


DOZENS 

ECCS 

1936 

2.877.800.000 

270 

1937 

3.130,300,000 

292 

1938 

3,113,000,000 

288 

1939 

3,236,900,000 

297 

1940 

3,298,800,000 

300 

1941 

3,480,400,000 

312 

1942 

4.027,600,000 

357 

1943 

4.520,700,000 

395 

1944 

4.827.400.000 

417 

1945 

4.599.700,000 

393 

1946 

4.475,000,000 

378 


During the war years an appreciable fraction of our national egg 
crop was shipped to our armed forces and our Allies. Civilian con¬ 
sumption in the U. S. was estimated for 1942 at 311 eggs per capita; 
for 1943 at 334; for 1944 at 351; for 1945 at 383. Egg prices were so 
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high as greatly to stimulate production. Many families could for 
the first time afford to buy freely at such high prices. We may well 
consider it an open question whether a permanent practice of con¬ 
suming an average of over one egg per person per day is to be ex¬ 
pected or even desired. 

Eggs are rich sources of certain nutrients. An old verse calls them: 
Treasurehouses wherein lie, locked by Nature’s alchemy, blood and 
bone and brain and brawn. But they are far from being a balanced 
diet; and from the viewpoint of making the family food supply as a 
whole as well balanced and permanently desirable as possible, the 
extra money which is required to provide more than one egg per 
person per day might perhaps be better invested by purchasing 
instead more liberal supplies of fruits and vegetables, and of milk 
in its different forms including cheeses, cream, and ice cream. The 
suggestion of this question is not intended to pre-judge its answer. 
Rather, the endeavor throughout this book is to study each type of 
food in an attitude of openmindedness toward the bearings of nu¬ 
tritional knowledge upon the most advantageous place of each type 
of food in the consumer’s dietary, and thus also in food-production 
planning. 

The poultry industry or "poultry enterprise,’’ with its production 
of both eggs and poultry meat has grown to be a prominent and, in 
most years, a relatively profitable part of American agriculture. 

The United States Department of Agriculture describes the poul¬ 
try industry in this country as follows: 

"The poultry industry of the U. S. represents on the one hand a 
widely distributed enterprise supplemental to general farming and 
on the other hand, a high degree of specialization in commercial 
plants. In producing sections near the large cities on the Atlantic 
seaboard and in the Pacific coast states of California, Oregon, and 
Washington, there are areas in which commercial poultry production 
predominates.” 

The Department divides the more important poultry producing 
areas of the country into three fairly distinct regions according to 
geographical location and the character of the industry: 

(1) The states lying in the Mississippi valley where the great 
bulk of eggs are produced on grain and stock farms. The total pro¬ 
duction in this region is far in excess of home consumption; there¬ 
fore a large proportion of the eggs are marketed in the large consum¬ 
ing centers of the East. 
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(2) '1 he north Atlantic states where large specialized poultry 
farms have developed; but where nevertheless, the local supply is 
far from adequate to meet the demands of this thickly populated 
area. 

(3) The Pacific coast states where large specialized poultry farms 
have developed extensively in recent years and from which increas¬ 
ing quantities of eggs are shipped east annually. 

In all sections of the country egg production is largely seasonal. 
More than half the annual supply is laid during four months— 
March, April, May and June. The average production of eggs per 
hen has been increased markedly by modern methods of poultry 
culture, notably by scientific breeding, by improved rations, and 
by artificial lighting of poultry houses during the fall and winter 
months. 

TRADE PRACTICES IN THE EGG INDUSTRY 

The value of eggs, the importance of keeping them in the best 
possible condition until consumed, and the desirability of preserving 
a considerable proportion of the eggs produced in time of abundance 
in order that undue scarcity at the time of minimum production 
may be avoided, make the trade practices in the egg industry a matter 
of considerable importance. 

At the present time, the consumer living in a large city is offered 
eggs of all degrees of freshness, from those which are guaranteed to 
have been laid within 24 hours to those which have been weeks in 
the hands of farmers and country merchants, or months in cold 
storage. 

Variation in quality of eggs is due in part to differences in the 
original product and in part to deterioration which may occur after 
production and which may be caused by faulty handling or delay 
in marketing. 

Marketing eggs. Some eggs are sold directly from the producer 
to the consumer, through delivery routes of near-by producers (some¬ 
times combined with milk delivery), public markets, parcel post 
shipments, and roadside markets. Although this method of market¬ 
ing has increased somewhat in recent years, it is still directed for 
the most part to consumers who are willing to pay a premium for 
eggs believed to be of high quality. 

Large producers of eggs may ship independently to wholesale 
receivers or jobbers in terminal markets; but most eggs are handled 
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by car-lot shippers, who may be cither independent dealers or co- 
opeiative associations. It is usually at this point that the eggs arc 
chilled, graded, and packed in cases holding 30 dozen for shi pment 
to large city markets. During a large pai t of the year eggs are shipped 
to distant markets in refrigerated cars to prevent deterioration in 
transit. 

Grading eggs. When eggs are bought from the producer on the 
basis of quality, a preliminary grading takes place at that time. 
Typically, all eggs are graded at the egg-packing plant; and many 
of them are regraded by the jobber at the terminal market to remove 
any which have deteriorated in transit and sometimes to classify 
them further into grades for which there is a local demand. 

Grading is based upon two general sets of factors: (I) those which 
have to do primarily with external characteristics and include size 
or weight, color, uniformity of size and color, and condition of the 
shell; (2) those which affect their internal quality and include size 
and condition of the air cell, the condition of the white, the condi¬ 
tion of the yolk, and the condition of the germ spot. 

External characteristics are determined by examination. In most 
markets each grade has specifications as to the average net weight per 
dozen and minimum weight of individual eggs. Regard for freedom 
from cracks and for uniformity of size, shape, and color in packing 
eggs improves their appearance and consequently results in a higher 
price. 

Internal quality is determined commercially by candling, which 
consists of holding the egg before a strong light, usually artificial, in 
such a way that the rays of light penetrate the egg to a considerable 
extent, thus enabling the condition of the contents to be observed. 
The following description of candling is taken from the U. S. De¬ 
partment of Agriculture Report on the Poultry Industry of the 
United States of America. "Candling tests of interior quality em¬ 
phasize the small size of the air cell in eggs of best quality, since this 
is a condition which is found in new-laid eggs. The increase in the 
size of the air cell as the egg ages and as evaporation of moisture takes 
place is considered to be an indication of a probable lowering in 
quality. An air cell which has a fixed position, usually in the large 
end of the egg is also considered to be an evidence of superior quality 
as contrasted to an air cell which may show a slightly tremulous or 
movable condition. 

"In candling, the condition of the egg white and the condition 
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/ 1 C considered together. As the egg deteriorates, the white 
tends to become thinner or more watery, and the yolk tends to be¬ 
come a little larger, and the yolk membrane to become weaker. 
These conditions arc generally considered to be indicated by the 
behavior and the degree of visibility of the yolk. Eggs in which the 
yolks are dimly visible are considered to be in good condition owing 
to a fit in, thick white which tends to hold the yolk in the center of 
the egg. Progressively greater degree of visibility of the yolk and 
fieer movement of the yolk are considered to be indications of de¬ 
terioration in the condition of white and yolk. An important con¬ 
sideration in determining egg quality by candling is the condition 
of the germ spot. Whenever evidence of the development of the 
germ can be seen in candling through the appearance of a reddened 
area or spot on the yolk, it is concrete evidence of lower quality in 
the egg. As soon as this development has proceeded to the point 
where blood is visible the egg is considered inedible.” 

Official standards and grades for eggs. In 1925, the Department 
of Agriculture formulated tentative United States standards and 
grades tor eggs. These standards of quality are the basis for much 
of the grading now being done by both the egg industry and govern¬ 
mental agencies. Individual states have passed laws providing for 
both wholesale and retail grades of eggs. 

Anyone who is especially interested should write to the U. S. 
Department of Agriculture (and perhaps also to the appropriate 
State food or market official) for the detailed definitions and stand¬ 
ards in force at the time. 

COI.D STORAGE OF EGGS 

The cold-storage industry as now understood is essentially a 
twentieth-century development. While statistics of the industry in 
its earlier stages are not available, it is generally accepted that only 
since about 1893 have the quantities of food materials placed in 
cold storage been large enough to have an appreciable effect upon 
market conditions. 

It should be kept in mind that statements regarding the quantity 
of food put in cold storage do not include food kept cold while in 
preparation or transportation or while in the hands of the retailer, 
but refer, as a rule, specifically to the business conducted by cold- 
storage warehousemen who rent space for the storage of food which 
the owners wish to withhold from the market for a longer or shorter 
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time. It is obvious that the owner's chief object, in thus withholding 
his goods from the market, is to await an increase of price; and it 
should be equally plain that the owner cannot wish to hold the food 
so long as to have it lose value through deterioration. Hence the 
influence of cold storage in the food industry is more largely eco¬ 
nomic than hygienic, though occasionally there may be cases in 
which food becomes unwholesome in cold storage, either through 
being stored too long, or under improper conditions, or because the 
food was not suitable for storage in the first place. 

Of the eggs produced in the United States it is estimated that 
about one-seventh (13.5 to 15 per cent) are placed in cold storage in 
the sense explained above, i.e., are sent to storage warehouses to 
await higher prices instead of being sent directly to the retail trade. 
The cold-storage warehouse is apt to be located in close proximity 
to some large market. 

While the price of storage eggs is always below that of fresh eggs, 
it usually reaches a point sufficiently above the prices ruling in 
spring to yield a profit to the owner after paying the warehouse 
charges and insurance, and allowing for interest on the money value 
of the eggs. It is of course in anticipation of this profit that eggs are 
placed in storage at the time of greatest abundance in the spring and 
early summer. 

According to statistics of the United States Department of Agri¬ 
culture, about four-fifths of all the eggs placed in cold storage are 
stored during April, May, and June. In the Chicago market, where 
large quantities of eggs arc received from the Southwest as well as 
from the surrounding country, storage begins in March and (nor¬ 
mally) nearly all the eggs stored are placed in storage during a period 
of four months. 

Since midsummer eggs do not keep well, few eggs are placed in 
storage in July and August even though the price may continue low. 
Hence the number of eggs in cold storage usually reaches the peak 
about August 1. 

Of the eggs placed in storage it appears from the statistics of the 
United States Department of Agriculture that only one fourth are 
taken out within 4 months of receipt, but that three fourths are 
taken out within 7 months, and 99.9 per cent within 10 months. 
The average length of storage of eggs was found to be about 6 
months. 

In the case of eggs as of other perishable foods the introduction 
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of cold-storage facilities has changed considerably the relative 
monthly consumption and made it more uniform throughout the 
year. Cold storage also tends toward greater uniformity of prices 
throughout the year, keeping up prices in the season of maximum 
production, and diminishing somewhat the increase of price which 
occurs at the season of natural scarcity. The cold-storage industry 
tends to raise the average or annual price level, both because the 
costs of storage must in the long run be paid by the consumers and 
because as the result of the steadying effect of cold storage upon 
prices a larger proportion of consumers now use eggs throughout 
the year. So far as this last factor is concerned, it may fairly be con¬ 
sidered that the standard of living is raised with the cost. 

The conclusion drawn fom the statistical investigation conducted 
by the United States Department of Agriculture in 1909-1911 was 
that there is no just ground for complaint against the men who keep 
foods in cold storage except insolar as they sometimes speculate. 
Since the power to withhold goods from the market obviously con¬ 
stitutes a temptation to try to raise prices by creating an artificial 
scarcity (or exaggerating a scarcity which already exists), it was 
recommended that storage warehouses be required to make monthly 
reports to the government and that official estimates of the quantities 
of foods in storage be made public each month somewhat as in the 
case of the government crop reports. This is now largely accom¬ 
plished, and many of the states also have Iatvs directly regulating 
the operations of cold-storage warehouses. These laws usually re¬ 
quire that such warehouses and their records shall be open at all 
times to inspection and that any food held at 40° F. or less for 30 
days or more shall be labeled as cold-storage food and the package 
be branded with the date it was delivered. Usually also special per¬ 
mission must be obtained if it is desired to extend the period of 
cold storage of any food for a longer time than twelve months. 

Effect of cold storage upon eggs. While meats and poultry when 
stored are often kept hard frozen, this of course is not practicable 
for eggs in the shell. Such eggs are best stored at temperatures within 
1° C. in either direction of their freezing point, which of course is 
below that of water. From 29° to 31° F. is the usual temperature for 
egg storage. 

Provision of a continuous and properly adjusted supply of ozone 
e gg st o ra ge rooms has been found by Pennington to have a favor¬ 
able influence on eating quality of refrigerated eggs. Ozone is used 
in some storage warehouses. 
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As eggs readily absorb foreign flavors, the air of the rooms in 
which eggs arc stored must be “sweet” and generally other foods 
cannot be kept in the same room. Some eggs are shell heated to aid 
in the preservation of their quality during storage. This treatment 
usually consists of dipping the eggs into tasteless mineral oil to seal 
the pores and thereby prevent the escape of carbon dioxide and 
water and the entrance of foreign flavors. Eggs which have been thus 
dipped in oil may also be called processed. 

Changes in composition dining storage. During storage the white 
of egg loses moisture not only by evaporation through the shell, but 
also by an osmotic transfer of water from the white to the yolk. 

As a result of the transfer of water from the white to the yolk, the 
latter expands somewhat and the membrane which separates it from 
the white is stretched and weakened and may break and permit a 
spreading of the yolk into the white, especially if the egg is care¬ 
lessly handled. 

Sharp and Powell # devised an index for the interior quality of 
eggs on the basis of the flattening of the yolk with the absorption of 
water from the white. “The height (of the yolk) divided by the 
width gives a numerical index of the flattening or, inversely, the 
‘standing-up quality’ of the yolk, which is modified only slightly by 
the size of the yolk. The yolk of a fresh egg will therefore have the 
highest numerical index.” 

Sharp and Powell also found (1931) f that carbon dioxide es¬ 
capes rapidly from a newly laid egg and the rate varies directly with 
the temperature at which the eggs are kept. With the loss of carbon 
dioxide, the alkalinity of the egg white rises rapidly from the level 
of pH 7.6 in a fresh egg to about pH 9.7. These findings emphasize 
the importance of prompt cooling of eggs, and of keeping them 
cold. 

The results of a comparative study of flavor and eating quality 
in recently laid and refrigerated eggs have been reported by Penn¬ 
ington. The study covered observations made over a period of five 
years in twelve warehouses. The 900 individual eggs tested included 
60 lots of eggs which had been refrigerated from 119 to 276 days. 
Eggs from near-by henneries scored higher in eating quality than 
similar eggs which had been sent to near-by cities through trade 
channels and were at least 7 days old. Spring eggs of high quality 

• Industrial and Engineering Chemistry, Vol. 22, pp. 908-10 (1930). 

f Ibid., Vol. 23, p. 969 (1931). 
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which had been held 5 to 8 months under carefully controlled storage 
conditions scored higher than other storage eggs. 

The loss of water through the shell and the transfer of water 
from the white to the yolk together result in a relatively higher pro¬ 
portion of total solids in the white of stored eggs. The weakness of 
the yolk membrane of some storage eggs, caused in part by the in¬ 
creased water content ol the yolk, is a disadvantage for culinary pur¬ 
poses in that it adds to the difficulty in keeping the yolk intact in 
breaking the eggs and in separating the yolks from the whites. 

The slight changes in flavor and in behavior on cooking, and 
the fact that storage eggs are sometimes fraudulently sold as fresh 
in the retail trade are sufficient to explain the prejudice against cold- 
storage eggs which exists among many if not most consumers. But 
these properties should not be confused with those which are indica¬ 
te c ol decomposition and unwholesomeness. As regards wholesome¬ 
ness, there is no presumption against the cold-storage egg as such. 
In general, storage eggs may be regarded as less desirable than those 
which are in reality strictly fresh, but superior to many of the so- 
called fresh eggs which have not had the benefit of refrigeration. 

Many species of organisms, both bacteria and molds, have been 
found in decaying eggs. In general the spoilage which takes place 
lapidly at high temperatures is apt to be clue chiefly to bacteria, 
while the mustiness which develops slowly at low temperatures is 
often due more largely to molds. An initial infection with bacteria 
may occur while the egg is still within the oviduct of the hen; or 
organisms may gain entrance after the egg is laid, especially if it be 
allowed to lie in an unclean nest. 

Certain types of spoilage are due to developing embryos and are 
therefore avoided in the case of infertile eggs. 

FROZEN EGGS 

Freezing was introduced as a means of saving eggs which were 
wholesome but not suitable for shipping or for storage in the shell. 
Aided by the studies of government specialists and research workers 
within the egg industry, freezing is now carried on extensively in 
the preservation of eggs for large scale users, notably bakers and 
manufacturers of mayonnaise, ice cream, and noodles. 

An important advantage of frozen eggs is that they can be stored 
at much lower temperatures than can eggs in the shell. Another 
advantage to the food manufacturer lies in his ability to purchase 
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frozen yolks or frozen whites if he prefers either to frozen whole eggs. 

As Pennington has {jointed out, the handling of eggs which have 
been removed from their shells is somewhat analogous to the han¬ 
dling of milk and, like the milk industry, should be characterized by 
the most scrupulous cleanliness throughout. As in the case of milk, 
the sources of contamination are best demonstrated by bacteriologi- 
cal methods and can in the main be eliminated by the adoption of 
such precautions as a knowledge of sanitation would suggest: clean¬ 
liness of surroundings and workers, frequent cleansing and drying 
of the fingers, use of appliances and containers which have been 
sterilized by means of live steam, prompt freezing of the egg after 
removal from the shell, etc. In the well-regulated egg-breaking estab¬ 
lishments which have come to be representative of the industry, all 
the fittings of the room in which eggs are broken and all the appli¬ 
ances and receptacles used are of metal or other non-porous material 
adapted to easy and thorough cleaning and steam sterilization. 
Each egg is cracked on a steel blade and broken into a smooth cup. 
When a bad egg is encountered, the blade on which, and the cup 
into which, it was broken are at once replaced and sent away to be 
thoroughly washed and steam-sterilized; and the breaker scrubs her 
hands thoroughly before handling another egg. If the yolks and 
whites are to be packed separately, the separation is carried out at 
the time of breaking. Otherwise the eggs are churned to form a uni¬ 
form mixture, then placed in 30-pound containers which are stored 
immediately at —5° to 0° F. 

When frozen eggs are thawed, the mixture is generally much 
thicker than unfrozen eggs. The factors influencing this state of 
gelation have been studied by Thomas and Bailey (1933) who con¬ 
cluded that the degree of gelation is predominantly a function of the 
mechanical treatment of the egg material prior to freezing. 

Jones (1925) * found that eggs stored in a frozen condition for 
nearly nine years showed little if any diminution in vitamin A po¬ 
tency as compared with fresh eggs. 

DRIED ECGS 

Formerly the dried eggs of commerce came chiefly from China, 
whence the United States imported in 1928 to 1930 dried egg prod¬ 
ucts equivalent to 35,000,000 dozen shell eggs or 1.5 per cent of our 

•American Journal of Physiology, Vol. 71, pp. 265-73 (1925). 
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total egg consumption. During the second world war this source 
was cut ofl while at the same time there developed a strong demand 
from our armed forces and our Allies in Europe. Thus stimulated, 
the production of dried egg in the United States grew from a prewar 
level of about 3 million pounds to about 2G2 million pounds in 1943. 
Post-war readjustment is still in process at the time of writing (1948). 
Europe will doubtless return to the production of a large proportion 
of the eggs it uses, and will piobably draw less intensively upon the 
United States for such dried egg as it may import; but the world has 
become conscious of the practicability of dried egg products as 
staple ingredients of a wide variety of foods. 

CHEMICAL COMPOSITION AND NUTRITIVE VALUE OF EGGS 

Since the price of eggs is determined entirely by considerations 
other than chemical composition, and eggs are never produced 
primarily for industrial uses in which the components are separated 
Irom each other, there has been little economic reason for the study 
ol the causes and extent of variations in composition, and our in- 
loi maiion on these points is very meager as compared, for example, 
with the corresponding data for milk. Differences in composition of 
C &S- S seem usually to be chiefly due to different proportions of white 
and yolk. According to Langworthy the proportion of yolk (and 
therelore of fat) is greatest in the eggs of those breeds which are best 
adapted to fattening. Other things being alike, the edible portion of 
white-shelled and dark-shelled eggs shows essentially the same com¬ 
position and nutritive value. 

Analyses of eggs may be made on samples obtained by the quanti¬ 
tative removal of the egg material from the shell; but when eggs are 
broken in the home and in commercial egg-breaking plants, that 
small portion of the white which adheres to the shell is discarded. 
The remainder of the egg constitutes the so-called fresh egg of com¬ 
merce and represents the part which ordinarily enters into consump¬ 
tion. This fresh egg of commerce has been studied by Thomas and 
Bailey (1933) who made determinations of alkalinity as pH, total 
solids, and ether extract (fat) upon a series of 45 to 90 kg. mixtures 
of churned whole egg. Fifty such specimens of egg showed pH values 
ranging from 7.17 to 7.54, total solids from 26.0 to 27.8 per cent, and 
fat from 10.4 to 11.6 per cent. No seasonal trends were observed in 
these values. 

Speaking in round numbers, we may say that the edible portion 
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of the egg contains 72 to 75 per cent of water, about 1 per cent of 
ash, 12 to 14 per cent piotein, 10 to 12 per cent fat; or about three- 
fourths water, one-eighth protein, and slightly under one-eighth fat. 
Of the edible portion, the yolk constitutes (by weight) a little over 
one-third and the white a little under two-thirds; and these are of 
very different composition. The white is about seven-eighths water 
and one-eighth protein (chiefly albumin) with a small amount of 
ash, consisting mainly of common salt with smaller amounts of po¬ 
tassium salts. The yolk is about one-half water, one-third fat, and 
one-sixth protein with more ash than the white, including relatively 
large amounts of phosphorus and iron and an appreciable but not 
large amount of calcium. (It is to be remembered that most of the 
calcium that the developing chick gets from the egg comes from the 
shell, which we do not include in our “edible portion”.) While the 
yolk is a more concentrated food material than the white, contain¬ 
ing in a given weight about seven times as much energy, as well as 
larger amounts of protein and of those mineral elements which are 
dietetically important, yet the white of the egg is a valuable sup¬ 
plement to the yolk as a source of some of the B-vitamins and related 
substances. 

The detailed composition of the nutrients in eggs is of almost as 
much interest and importance as their amount. The fact that when 
an egg is kept at a proper temperature for about three weeks with¬ 
out the addition of anything from without, it produces a chick so 
well developed as to begin at once to walk and to eat the same food 
as the adult, suggests that the egg must contain substances which 
are very efficient as sources both of the energy and the materials for 
growth and development. 

The fat of egg is practically all in the yolk, and like milk fat it 
exists in a finely emulsified condition, so that it is capable of diges¬ 
tion in the stomach, as well as in the intestine. Volhard has reported 
an experiment in which 78 per cent of the fat of egg yolk was 
digested in the stomach. A large proportion of the egg fat, probably 
at least one fourth, consists of phosphorized fats now commonly 
called phospholipids. Egg lecithin is usually taken as typical of the 
phospholipids or phosphatids. 

Pigments of egg. Dissolved in the fat of the egg yolk is a yellow 
coloring matter to which the name lutein has been given. This color¬ 
ing matter is believed to be mainly xanthophyll (an unsaturated 
hydrocarbon of the formula C 40 H 8G O 2 ) with small quantities of 
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carotene or a carotinoid pigment. The white of the egg contains 
riboflavin, a light-greenish yellow pigment which occurs also in the 
yolk, and is now recognized as a very important vitamin. 

The proteins of egg are of much interest, and those of the yolk 
and of the white are quite different in their properties. The fact that 
egg white contains so little of other substances than proteins and 
water makes it easy to observe the behavior of its proteins. Egg white 
is therefore largely used as a material with which to demonstrate the 
properties of proteins—particularly of the albumins, since oval¬ 
bumin is the chief protein of the egg white. According to Osborne 
and Campbell egg white also contains small quantities of three other 
proteins called conalbumin, ovomucin, and ovomucoid. Ovalbumin 
has been purified in quantity by Osborne, Jones, and Leavenworth, 
and studied by them and by others with reference to the amino acids 
yielded on hydrolysis. The results, together with those for ovovitellin, 
are shown in Table 10. 

TABLE 10. PERCENTAGES OF AMINO ACIDS FROM 
EGG PROTEINS 


Alanine 

OVALBUMIN 

8.10 

OVOVITELLIN 

0.75 

Ammonia 

1.39 

1.25 

Arginine 

6.00 

7.50 

Aspartic acid 

6.20 

2.10 

Cystine 

1.33 

0.83 

Glutamic acid 

13.96 

13.00 

Glycine 

1.75 

0.85 

Histidine 

2.44 

1.90 

Hydroxyglutamic acid 

1.36 

« 

HydroxyproJine 

o 


Isoleucine 

a 

a 

“Leucine” b 

10.70 

9.90 

Lysine 

6.41 

4.80 

Methionine 

5.24 


Phenylalanine 

5.32 

2.50 

Proline 

4.15 

4.20 

Serine 

a 

a 

Threonine 

a 

a 

Tryptophane 

3.60 

2.42 

Tyrosine 

4.10- 

5.0 

Valine 

2.50 

1.87 


° Presumably present but data not available. 

6 Undetermined Isoleucine may be included in “Leucine." 


Ovovitellin is the chief protein of the egg yolk. It is believed to 
exist largely in chemical combination with lecithin. When freed 
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from lecithin, it has nearly the composition of casein, as shown by 
the work of Osborne. 

A second yolk protein known as livetin has been identified by 
Kay and Marshall. Livetin, which constitutes, according to Kay and 
Marshall, about one fourth of the total yolk protein, is described as 
having the properties of a pseudoglobulin. Those who desire a fuller 
account of the chemistry of the egg proteins may consult the refer¬ 
ences at the end of the chapter, or more specialized books on proteins. 

Casein (studied in Ch. Ill) and ovovitellin are regarded as the 
two typical phosphoproteins. The percentages of the various amino 
acids found by various investigators in ovalbumin and ovovitellin 
are shown in Table 10. Ovovitellin resembles casein in the amino 
acid radicles which it contains as well as in its elementary composi¬ 
tion. 

A comparison of white and yolk of egg with respect to many 
factors of composition and nutritive value is given in Table 11. 

The mineral elements of the egg are, like the proteins, evidently 
well adapted to serve as material for the formation of body tissue. 
This may be inferred from the function of eggs in nature and from 
the success attending the use of eggs in diets designed especially for 
tissue building, and has also been demonstrated experimentally in 
laboratory feeding experiments. 

The yolk is very much richer than the white in calcium, phos¬ 
phorus, and iron. 

The phosphorus of the egg, and especially of the yolk, is present 
chiefly as phosphoproteins and phospholipids (phosphorized fats, 
phosphatids). 

The iron of the egg yolk is readily assimilated and nutritionally 
efficient. 

The calcium compounds of the egg have been less studied than 
the iron and phosphorus compounds. It is certain that the calcium 
of the egg is well utilized, and the fair concentration of calcium in 
egg yolk as compared with the poverty of meats and many bread- 
stuffs in this element constitutes another important factor in the re¬ 
semblance between eggs and milk as food, though milk is very much 
the more important source of calcium. 



128 



EGGS 

TABLE 11. COMPARISON OF WHITE AND YOLK OF 

ECG 


CONSTII Ut.NT 


WHITE 

YOLK 

Water 

per cent 

8G.2 

49.5 

Protein 

per cent 

12.3 

15.7 

Fat 

per cent 

0.2 

33.3 

Ash 

per cent 

0.6 

1.1 

Calcium 

per cent 

0.01 

0.13 

Magnesium 

« 

per cent 

0.01 

0.01 

Potassium 

• 

per cent 

0.16 

0.11 

Sodium 

per cent 

0.16 

0.07 

Phosphorus 

per cent 

0.01 

0.59 

Chlorine 

per cent 

0.15 

0.1 

Sulfur 

per cent 

0.196 

0.157 

Iron 

per cent 

0.0001 

0.0086 

Weight per average egg 

grams 

33. 

17. 

Weight per average egg 

ounces 

1.2 

0.6 

rue! value per average egg 

calories 

17. 

60. 

Vitamin A value 

units per 100 grams 

a 

3200. 

I hiamine 

micrograms per 100 grams 

a 

320. 

Riboflavin 

micrograms per 100 grams 

225. 

520. 

* Negligible traces. 



1 

The sulfur content of 

eggs is high—higher even than 

would be 


anticipated from the protein content, since the chief protein of the 
white of egg (ovalbumin) is particularly rich in sulfur. This abun¬ 
dance of sulfur probably has its function as a source of supply for 
the sulfur-rich substances of the skin, claws, and feathers of the 
chick. The high sulfur content results in a considerable preponder¬ 
ance of the acid-forming elements over the base-forming elements of 
the egg. In this respect the egg is similar to meat and unlike milk. 

Vitamins. Eggs are an important source of vitamin A, which is 
contained essentially in the yolk. The yolk is also much richer in 
thiamine and riboflavin than is the white. Both the white and the 
yolk are fairly rich in riboflavin but the white contains very little 
thiamine. See Table 11. 

Vitamin C is present in eggs in such small quantities as to be 
considered practically zero. 

Vitamin D is present in important amounts in egg yolk and its 
concentration is increased when the hens are exposed to sunshine or 
fed cod-liver oil. But the greater concentration of this vitamin in fish 
liver oils, and the fact that these are now so commonly taken results 
in little attention being given to the vitamin D in eggs. 

The digestibility of eggs has been studied experimentally by sev¬ 
eral investigators. The results indicate that egg protein is digested 
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and absorbed to practically the same extent as milk or meat protein, 
about 97 to 98 per cent; and that the fat of egg is digested about as 
thoroughly as milk fat and rather more thoroughly than meat fat. 
It is probable that eggs soft cooked at a temperature below that of 
boiling water arc the most readily and rapidly digested, but the 
ultimate thoroughness of digestion does not seem to be greatly in¬ 
fluenced by the method of cooking. Thorough mastication is natu¬ 
rally most important in the case of eggs which have been hard boiled 
or cooked at a higher temperature. Rose and MacLeod showed that 
raw egg whites are well utilized by the human subject, the coefficient 
of digestibility for raw whites being about 80 as compared with 86 
for cooked whites. The absorption varied with the method of prepa¬ 
ration, being less for raw egg whites taken "clear” than when beaten 
until light. 

PLACE OF EGGS IN THE DIET 

That the egg is a food of high nutritive value may be inferred 
from its composition and properties as summarized above. 

There can be no doubt that the nutrients of the egg when ab¬ 
sorbed from the digestive tract are well adapted to the nutrition 
of the body tissues. The richness of eggs in protein and fat and in 
phosphorus, iron, and riboflavin, all in forms well fitted for conver¬ 
sion into body tissue, make the actual food value much greater than 
a comparison based only on amounts of protein and energy would 
indicate. Eggs as we eat them are relatively rich in all known sub¬ 
stances required for growth except calcium and vitamin C. Much 
of the calcium of the egg shell becomes available to the developing 
chick; but usually not when the egg is used as human food. 

McCollum, Simmonds, and Parsons reported that "The best 
proteins for the support of growth in the rat are those of milk and 
eggs.” * While their statement is based upon experiments with rats 
there seems no reason to doubt that the same will hold true in 
human nutrition. Rose and coworkers f found the inclusion of one 
egg yolk per day in an otherwise adequate diet to be a highly effective 
means of balancing intake and output of iron in a healthy growing 
child. 

Eggs are perhaps more nearly interchangeable with milk in nu¬ 
tritive value than is any other food. They rank with milk as a source 

•/. Biol. Chem. 37, 156 (1919). 
t J. Nutrition 3, 229 (1930). 



of vitamins and they are richer than milk in iron, but not nearly 
so rich in calcium. It is largely on account of this richness in iron 
that egg yolk is among the first foods to be added to the milk diet of 
the young child, and if circumstances should arise in which no form 
of milk enters into the child’s diet, the egg with fruits and vegetables 
will come nearer furnishing a satisfactory substitute than will any 
other food commonly used in this country. Normally, however, eggs 
should only supplement the milk of children’s dietaries and should 
not be allowed to displace the milk to any appreciable extent. It is 
sometimes best to give the child the yolk of the egg without the 
white. The physician should decide. 

For much the same reasons that it is adapted to the needs of the 
growing organism, the egg is also a very valuable food for adults 
who need to be “built up"; hence eggs are usually fairly prominent 
in well-arranged dietaries for undernourished anemic people and 
especially for tuberculosis patients. They should, in such cases, be 
balanced by correspondingly liberal amounts of fruits and vegetables. 

In addition to their well-known high nutritive value, eggs are 
popular for other reasons. They are easily cooked in a variety of 
ways and by their admixture it becomes possible to make many modi¬ 
fications in the texture, flavor, and appearance of other food ma¬ 
terials. 

All these points of popularity combine with the fact that eggs are 
highly perishable and require special handling to make the egg a 
rather costly food. From Table 6 in Chapter III it will be seen that 
the typical American families covered in the 1942 food consumption 
study, paid 7 per cent of their total food money for eggs, from which 
they derived only 3 per cent of their calories, calcium, and thiamine, 
and none of their vitamin C; but the eggs did furnish their full 
quota of protein, iron, vitamin A, and riboflavin. 

In a general way, eggs may be considered as standing midway 
between milk and meat in their nutritional characteristics. Milk, 
eggs, and meat all furnish proteins which are of high nutritive effi¬ 
ciency in themselves and also efficient in supplementing the proteins 
of the grains. Milk contributes, as eggs and meat do not, to the 
body’s maintenance of its alkaline reserve and of a good intestinal 
hygiene; for egg protein is much more subject to intestinal putre¬ 
faction than is milk protein, and while eggs are rich in iron and 
phosphorus, their mineral content as a whole is not well balanced. 
Also, eggs are relatively rich in cholesterol which, while it functions 
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in our bodies, may do harm when taken in too liberal amounts over 
too long a time, so that “for people over forty,” at least, the added 
cholesterol brought by more than one egg a day may make the extra 
egg a liability instead of an asset. Research upon the long-run effects 
of different levels of egg consumption, by species chosen to represent 
us in cholesterol tolerance, are needed to assist our judgment as to 
how high a yearly consumption of eggs per person may be expected 
to be most advantageous as a permanent practice. 

Another angle of approach to the problem of the quantitative 
place of eggs in the food supply is to consider what the farmers feed 
their hens to produce the extra eggs, and whether these feeds could 
produce human food of still more value if fed to some other animal 
instead of poultry. From this point of view there is no room for 
doubt that the extra grain which would need to be fed to produce 
more eggs would be better invested in producing more milk. For 
our knowledge of nutrition makes it clear that a higher level of milk 
consumption would make for higher health, while our egg consump¬ 
tion may be as high as is best already; and in any case the milk cow 
makes human food more efficiently than does the laying hen. 

A factor deserving of more serious consideration than it appears 
yet to have received is the directness with which hens compete with 
human beings for food. When people are willing to pay high prices 
for eggs, egg producers are apt to feed to hens undue amounts of 
grains, animal protein, cod-liver oil, etc. which might better be de¬ 
voted directly to human nutrition. Maynard pointed this out in war¬ 
time considerations of food supply problems, Kennard (1944) has 
studied the problem of feeding hens for egg production with rations 
which compete less with human food resources, and further investi¬ 
gations might well be made. 

Such investigations should not stop with the obvious facts that 
lie on the surface of the problem. For example, the explanation, 
that the cod-liver oil fed to animals is below the “medicinal” grade 
required for human use, is true so far as it goes. But this difference 
of grade arises from the way it is handled. The cod fisher decides 
whether to handle his material in a low-grade way and sell his prod¬ 
uct for animal feeding; or in a high-grade way, and produce for 
human use. Consumers really determine how much of cod-liver oil 
caught is brought into human use by the relative prices they are 
willing to pay for cod-liver oil and for eggs. Consumer demand, not 
only for oil but also for eggs, thus determines how much of the 
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nation's supply of cod-liver oil goes to its children and how much to 
its chickens. 

Or. in the view which seeks the best use of our food supply and 
resources for food production, to the end that all people be well 
nourished, it appears probable that about as much of our grain and 
cocl-liver oil is now being fed to poultry as should be. Well-to-do 
families, eating 7 or more eggs per person per week, can hardly ex¬ 
pect to gain any added benefit from eating more. Their interest 
in any possible increased production should not be in eating more 
eggs themselves (unless they use eggs in place of meat) but rather in 
seeing a more equitable distribution of the eggs produced. When the 
food supplies of all American families include from 5 to 7 eggs per 
person a week, the nation will probably be supporting as large a 
poultry population as is best. Instead of more hens and chickens to 
eat more grain and skim-milk and cod-liver oil, the increasing sup¬ 
plies of these would better either be turned into increased milk pro¬ 
duction instead or turned directly toward the more adequate feeding 
of the lower-income people, so that all the people shall have all the 
food that they need for their highest health and efficiency. 

Consistently with these broader considerations, we also find 
greater economy in milk than in eggs if we compare them with 
regard to the expenditure for each and the return it brings in con¬ 
sumers’ dietaries as illustrated by the data of Table 6 (Chapter III). 
If for each food or food-group we add up the returns in the columns 
for the eight nutrient factors and divide one-eighth of this sum by 
the figure for cost, what might be called an “economic ratio,” this 
turns out to be 0.89 for eggs, and 1.33 for the milk-cheese-ice cream 
food-group. That is, in terms of these eight nutrient factors the milk 
group returns about 50 per cent more per unit of cost than did the 
eggs- 

On the same reckoning the meat-poultry-fish group shows a cor¬ 
responding “economic ratio” of 0.61. 

1 hus in nutrient economy as well as in nutritional characteristics 
eggs stand between milk and meat, and nearer to the latter. In recog¬ 
nition of this and related facts eggs may be bracketed in the same 
food-group with meat, with some simplification of the problem of 
the place of each in the diet. 
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CHAPTER VI. MEATS AND MEAT PRODUCTS 


In money value of the annual product, meat packing; has in 
recent times exceeded all other branches of the food industry and 
competed with the automotive industry for first place in the United 
States Census of Manufactures. Moreover, in addition, many ani¬ 
mals are slaughtered for food on farms and in local butcher shops 
not classed as manufacturing establishments. According to the find¬ 
ings both of the United States Census for Distribution for 1930 and 
consumer purchases study of 1912, expenditure for meat including 
poultry made up about one fourth of the total expenditure for food, 
a larger amount than is spent for food of any other one type. 

Of the total meat production in the United States, pork now 
leads in quantity, with beef, veal, and lamb-and-mutton following 
in the order named. Although pork stands first in economic promi¬ 
nence, beef enters into a larger variety of meat products, is tradi¬ 
tionally regarded as more highly typical of flesh foods, and is there¬ 
fore commonly treated first in a general discussion of meat as food. 

Because the principal kinds of meat differ more in their economic 
aspects than in nutritive value, the production and preparation of 
each will be discussed separately but the place of meat in the diet 
will be considered as a single topic. 

MEAT PRODUCTION 

Beef. By far the greater part of our beef supply comes from 
special beef cattle bred either in the corn belt or on the western 
ranges. At one stage of our national development, grass-fed beef 
cattle from the western plains formed the largest part of all beef 
raised. With the passing of the frontier, however, and with the 
development of a luxury market for grain-fed beef, has come the 
feeder industry. Young stock from the western ranges and from farms 
in the south and southwest are shipped to farms in the corn belt 
states for fattening or finishing, as this final preparation for the 
luxury market is called. Because of the availability of feed, breeding 
as well as fattening is carried on extensively in the corn belt states. 
The finishing period for steers averages about 3 months or longer 
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wiih younger animals which use the concentrated rations of the 
•‘Iced lot" for growth as well as for fat production. Francis, Bull, and 
Carroll (194-1) have emphasized anew, what Wood pointed out in 
England during the first world war, that the fatter the animal the 
more grain is required to produce a pound of gain; and that very 
fat beef is both uneconomical to produce and wasteful to the con¬ 
sumer because of the surplus of fat which is trimmed off and lost to 
human consumption. A limited number of range cattle are now 
fattened on alfalfa, sometimes on near-by irrigated farms. This pro¬ 
duces a meat of higher nutritive value than the grain-fed, and is at 
the same time an important method of conserving the soil. 

Recent years have seen a marked trend toward the marketing of 
younger beef animals. This change has come about partly through 
the demand for lighter cuts by the prevailing small families of the 
present day and partly by the improvements in animal husbandry 
which result in larger animals at a given early age. Hence beef cattle 
are now usually marketed at two years or less and the so-called baby 
beef (/.<?., the flesh of yearlings with the characteristics of beef rather 
than of veal) is increasingly popular. From the standpoint of the 
economics of the food supply, there is the advantage in this growing 
preference for younger beef, that the recovery of food values in terms 
of edible animal products represents a lesser loss the shorter the life 
cycle of the animal, and therefore the lesser total of cultivated crops 
it has consumed. 

J eal production is primarily a by-product of the dairy industry 
although a limited number of calves of beef breeds are also 
slaughtered. According to the United States Meat Inspection Regu¬ 
lations, veal which enters into interstate commerce must come from 
calves at least three weeks old at the time of slaughter. In most parts 
of Europe no objection is raised to the use of veal from younger 
calves. Because young calves do not always stand long shipments 
successfully, the greater part of the supply is slaughtered locally and 
shipped in the carcass form. Formerly fresh veal was much more 
plentiful in the spring than at other seasons; but the efforts of 
the dairy industry to equalize milk supplies throughout the year 
have resulted incidentally in a more uniform supply of veal 
calves. 

Sheep production is carried on principally on western range 
lands, but small flocks on farms scattered widely over the country 
are an important minor source. Animals grown principally for meat 
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rather than for wool are commonly fattened for market in the corn 
belt states, or on irrigated western land. 

Lamb comes (properly speaking) from sheep not more than one 
year old. (In the United States the meat of older sheep also may be 
given the “courtesy title" of lamb.) The supply which comes to the 
large metropolitan centers is drawn from producing areas with 
different breeding seasons so that fresh lamb is available at all seasons 
although it is more plentiful during the early fall. 

Pork production on a commercial scale is concentrated largely 
in the corn belt; it is estimated that two thirds of all of the hogs of 
the country are found in nine states. The “density of hog popula¬ 
tion” is greatest in Iowa. Elsewhere, smaller numbers of swine are 
commonly kept on farms throughout the country. Although swine 
are slaughtered and consumed locally to a somewhat greater extent 
than other animals, a sufficient number are destined for distant do¬ 
mestic consumption or for export to serve as a basis for large scale 
packing operations. 

THE MEAT-PACKING INDUSTRY 

When meat animals are ready for slaughter, they are shipped 
to packing centers. With the development of refrigerated transporta¬ 
tion, the slaughter of beef has been increasingly concentrated in the 
Union Stock Yards of Chicago. Representatives of the large packing 
companies estimate the average shipping distance for dressed beef 
at 1,000 miles. 

The term packing derives from the early days of the industry 
when farmers or local butchers cured and smoked surplus meat, 
packing it largely in barrels, for local use, for supplying ships, and 
for export trade. At the present time packing in the literal or histori¬ 
cal sense comprises a relatively small part of the meat industry. The 
meat-packing industry began about 1830, with establishments for 
the curing and packing of pork at Cincinnati, which was then near 
the center of the corn belt. With the western extension of the corn 
belt and the development of railroad transportation following the 
Civil War, the pork-packing industry with meat-packing generally 
became concentrated in Chicago. With the general introduction of 
refrigerator cars, the transportation of dressed meat has grown to a 
business of great magnitude controlled largely by a few great firms 
of packers. A full account of the development of the industry may be 
found in Clemen’s American Livestock and Meat Industry. 
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SLAI GH I KRIIOUSE METHODS 

1 lie steps outlined below for the slaughtering of beef are also 
more or less typical of those for calves and sheep. 

The animals are driven on ramps to the upper stories of the 
packing houses so that after slaughter the carcasses may be run from 
place to place by gravity. A few beeves at a time are let into the 
slaughter pen, where each is killed by a blow with a sledge-hammer. 
I he floor of the pen then drops like an elevator, the beeves are 
rolled out upon the cement floor of the slaughterhouse, and the 
slaughter pen is raised into position again. The dead animal is at 
once strung up by the hind feet and, hanging head downward from 
a wheel on a track which runs from room to room, is bled, dressed, 
skinned, and the carcass divided in half without the necessity of any 
lifting or the use of any other power than the force of gravity to 
transport it. 

The animal is bled by cutting the carotid artery, the blood being 
collected by itself and (in the United States) for the most part dried 
for stock-feeding or for fertilizer, though a part of it may find its 
way into food products. In Europe blood sausage is a common article 
of food; here it is not generally popular, but a small amount of 
blood is sold at high prices in dried or condensed forms in patent 
foods. Commercial albumen may also be made from this blood. 

Next the stomach and intestines are removed, the fat which ad¬ 
heres to them serving for the preparation of oleo oil or tallow, their 
contents going into the cheaper grades of tankage, their muscular 
walls after thorough cleaning being available for food as tripe. The 
lining of the stomach, particularly of calves, may be used as a source 
of rennet. 

Then the hide, horns, and hoofs are removed and worked for 
oil, gelatin, glue, leather, hair, and horn, the trimmings going into 
the tankage for fertilizer, or sold as “meat scrap” for animal feeding. 

Finally the carcass without the head is split down the backbone 
and the halves sent to the refrigerating room to be thoroughly 
chilled. 

Although not more than twenty minutes may elapse between the 
felling of the animal and the arrival of the dressed sides at the re¬ 
frigerator, the carcass has been through the hands of a dozen or more 
men, each one performing some particular operation in a place 
arranged with special reference to the work to be done, and the 
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convenience of handling the by-product obtained, the carcass being 
carried from place to place by the slight incline of the track on which 
its overhead trolley travels. 

In beef slaughtering, the dressed weight usually approximates 60 
per cent of the live weight; in sheep and lambs, 45 to 50 per cent. 

The slaughtering and packing of pork is carried on largely in 
the same establishments with the beef-packing industry, but the 
processes are quite different. The hog is killed by bleeding and then 
scalded by dropping into a tank of hot water from which the carcass 
is drawn up through a tower in which mechanical scrapers remove 
the bristles, thence through the hands of successive workmen who 
dress and trim the carcass and send it to the refrigerating room. 
This entire process is completed in about 12 minutes, the carcasses 
following each other over the same track with almost incredible 
rapidity, sometimes as many as 400 hogs per hour. 

Hogs are dressed without removal of the heads, and being also 
fatter than cattle show a larger yield of dressed weight—usually 74 
to 85 per cent of the live weight. 

HANDLING OF DRESSED MEAT 

The carcass which has been dressed according to the methods 
outlined above is trimmed, and in the case of beef, cut into quarters. 
After chilling at 34° to 36° F. for 2 to 3 days, that part of the meat 
which is to be sold in a fresh state is loaded into refrigerator cars in 
which it is hung from the ceiling as in an ordinary cold storage 
room; the properly refrigerated car is shipped under seal to a branch 
packing house where it is divided into wholesale cuts for distribution 
to retail dealers. Here it may remain in cold storage for some time 
longer before being actually sold to the consumer. 

At the time of slaughter, the edible meat by-products (“variety 
meats”), consisting largely of internal organs, are separated from the 
carcass and chilled or frozen before shipment. 

In ordinary practice, dressed meat seldom remains in storage for 
prolonged periods. Nearly all beef is sold within three weeks after 
slaughter; most veal is sold within one week, most fresh pork within 
ten days; and lamb and mutton are usually stored only to take care 
of an occasional market surplus. 

Ripening. Shortly after slaughter the muscle tissue enters into a 
state of rigidity (rigor mortis) through the coagulation of the muscle 
proteins and solidification of the fat. This condition persists for 
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several days, after which the meat becomes increasingly tender 
probably through the action of autolytic enzymes. It is not probable 
that putrefactive organisms play a part in normal ripening but putre¬ 
faction follows ripening in meat which has been allowed to hang too 
long. The optimal times and temperatures for ripening meat from 
different animals have been studied both by the industry and the 
U. S. Department of Agriculture, but there is scarcely yet a com¬ 
plete consensus of opinion. 

PRESERVATION OF MEAT 

Preservation by freezing. Naturally meat which is frozen will keep 
with less change than that which is merely cold, and when it is to 
be kept for a considerable length of time, it should be not simply 
chilled to the freezing point of water, but actually frozen and kept in 
a hard-frozen condition. 

In an extended chemical, histological, and bacteriological in¬ 
vestigation of frozen meat, Richardson and Scherubel found that 
beef which had been frozen even so long as 600 days was free from 
bacteria at a depth of one centimeter or more from the surface. On 
the other hand, in meat kept at 2°-4° C., bacteria had penetrated 
to a depth of about one centimeter in thirty days. Chemical analysis 
of a large number of samples of beef which had been kept frozen 
from 33 to 554 days (in a room whose temperature varied from —9° 
to —12° C.) showed that the exterior of the meat dried to a depth 
of from 2 to 4 millimeters in the course of a year in the open freezer, 
after which the progress of the drying was extremely slow. The mois¬ 
ture content of the portion thus dried was about 30 per cent; that of 
the frozen meat as a whole was about 76 per cent—the same as for 
corresponding cuts of fresh meat. There was no measurable increase 
of ammoniacal nitrogen in the stored meats, which was considered 
by these investigators as strong evidence that there was no significant 
bacterial decomposition of the proteins. Neither was there any 
difference between the fresh and frozen meats as regards cold water 
extract, total nitrogen of cold water extract, or the coagulable pro¬ 
teins, the albumoses, or the nitrogenous extractives. 

It is hardly necessary to point out that such good preservation 
over long periods of time is not to be expected o c meat which is 
merely refrigerated without being hard frozen. 

The methods of quick-freezing, to which more extended refer- 
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ence is made in the discussion of fish, have also been applied success¬ 
fully to some retail cuts of meat. It is claimed that the muck-freezing 

1 Cl 

process not only preserves the meat in good condition but also re¬ 
sults in increased tenderness. Technical developments in quick- 
freezing and in tenderizing may best be followed through the current 
literature on the subject. 

Canned meat is now put up in large quantities. The principal 
meat used for canning is beef trimmings, i.e., pieces of lean meat 
which are left after the carcass has been subdivided into wholesale 
cuts. Both beet and pork trimmings are used for potted and deviled 
meats; tongues and hams are often canned whole. Before canning, 
many meat materials are subjected to a preliminary curing with 
salt, or, in the case of corned beef, a combination of salt and salt¬ 
peter. 

Or the meat may be parboiled in larger pieces, then trimmed 
free from gristle and superfluous fat, and cut by machinery into 
approximately uniform pieces of a size proportioned to the size of 
the cans. Tongues are left whole and sorted according to size. 

The parboiling causes a shrinkage of the meat so that (although 
it is being cooked in water) its water content is diminished. That 
part of the fat which is cooked out of the meat rises to the top and 
is skimmed off; the extractives, the salts, and the very small amounts 
of protein which are extracted remain in solution in the water in 
which the meat is cooked, which thus becomes of value for the 
making of soup stock and meat extract. Wiley estimated that this 
cooking extracts a little over one part in one hundred of the protein 
of the meat, about one third of the extractives, and up to one half 
of the salts. After the parboiled meat has been packed in the cans, 
enough of the soup liquor, made by concentrating the water in 
which the meat was cooked, is added to fill the spaces between the 
pieces and to restore, so far as is practicable, the flavoring constitu¬ 
ents lost in parboiling. This added soup liquor may also contain salt, 
sugar, or molasses as a flavoring. 

In canning tongue and in other cases in which the form of the 
product is to be preserved, the cans are filled by hand. In the case 
of corned beef and potted or deviled meat, the cans arc filled by 
means of the stuffing machine, which presses into the can approxi¬ 
mately the required amount of meat, the weight being tested and 
adjusted as each can leaves the machine. 
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The cans are next partially sealed and sent to vacuum machines 
by means of which the air is exhausted from the can, and the latter 
then immediately sealed. 

4 

The cans are then ready for processing, which simply means the 
heating of the can and contents to a sufficient temperature to insure 
its keeping. At several stages in the canning operation, the cans are 
inspected for leaks. The temperature and time of heating depend 
chiefly upon the si/e of the cans, but also to some extent upon other 
conditions. Probably the most usual temperature is between 225° 
and 250° F. (107°-121° C.) which is usually attained by the use of 
superheated steam in large iron or steel boilers or retorts. 

As the cans come hot from processing, the ends are slightly bulged 
outward owing to the expansion of the contents by the heating, 
1 hey are now subjected to a cold spray until the contents are thor 
oughly chilled, when the ends of the can should be slightly concave 
and should remain so until the can is opened for use. 

finally the cans are washed in alkali to remove any grease, then 
rinsed in water, dried, painted, and labeled. Many establishments 
maintain warm test rooms at a temperature of 100-110° F. to which 
is sent a sample batch of each run of canned meats to make sure 
that no cans prove defective when kept for several days at this high 
temperature. 

I*or results of research on home canning see the bulletin by 
Toepfer et al. (19-16). 

A sound can should have slightly concave ends and should give 
only a dull sound when struck on the top or bottom; a can which 
shows bulging ends and emits a hollow or drum-like sound when 
struck on the top or bottom is likely to be leaky, or improperly 
packed, or to contain material which has undergone decomposition 
with production of gas. 

Drying of meat is, when applicable, a very effective method and 
has been long used. In some climates it is only necessary to cut the 
meat into strips and hang it out of doors. The jerked beef of the 
West was prepared in this way, and a mixture of dried lean meat 
with fat known as pemmican is a concentrated food largely used by 
explorers. Dried meat is, however, by most people considered less 
attractive than fresh meat, and the extensive use of meat drying 
during the second world war, while technically quite successful is 
usually considered to have been rather an emergency expedient than 
a permanent large-scale development. 
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Application of preservative substances is another common and 
important method of preserving meats. The substances which have 
been most used for this purpose are salt, saltpeter and other nitrates 
and nitrites, boric acid or borates, sulfites, vinegar, wood smoke, 
and sugar. 

Frequently two or more preservatives are used in the curing of a 
single product. Thus hams are cured in a sweet pickle containing 
sugar, salt, and saltpeter; and bacon is packed in watertight vats with 
sugar, salt, and sodium nitrate or nitrite before preservation is com¬ 
pleted by exposure to wood smoke. Salt, sugar, vinegar, and wood 
smoke are condimental as well as preservative in their properties, 
and there is no restriction upon their use. Saltpeter in addition to 
its preservative action has the property of maintaining, or even in¬ 
tensifying, the red color of meat. Under the present laws it has been 
ruled that saltpeter may be used pending further investigation re¬ 
garding its wholesomencss. According to recent reports, sodium ni¬ 
trite not only fixes the color of hams but has been found particularly 
effective in preventing growth of the organisms which cause souring. 
Boric acid and borax, which when used are employed purely for 
their preservative effect, and sulfites, which act both to preserve and 
to give the meat a bright appearance, are not permitted under the 
present United States meat inspection law. In England and Canada, 
on the other hand, no objection is made to the use of limited 
amounts of boric acid or of borax. 

MEAT EXTRACTS AND RELATED PRODUCTS 

Beef extract was highly recommended by Liebig, who at one time 
supposed it to be of great nutritive value because it contained much 
nitrogen in a form readily absorbed from the digestive tract. Later 
he realized that this was an error and said that the extract “does not 
give us strength but makes us aware of our strength.” In other words 
he realized that the effect of the meat extract is that of a stimulant 
rather than a food. Manufacturers of beef extract still frequently 
apply the term "Liebig’s extract” to their product. 

In South America, especially when the country was but sparsely 
settled and before facilities for transportation of meat for long dis¬ 
tances under refrigeration had been introduced, large factories for 
the manufacture of beef extract were established and droves of cattle 
were slaughtered for their hides and the extract obtained from their 
flesh, the rest of the flesh being merely a by-product. 
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Beef is now shipped in large quantities from South America; but 
considerable amounts of beef extract are still made there, and it is 
also of some importance as one of the numerous secondary products 
of the beef-packing industry in the United States. In making the 
commercial extract, pieces of meat removed in trimming quarters 
and sides for market, as well as cuts for which there is less market 
demand, are cut small, put in water in a closed digester (generally 
with the addition of salt), and heated under pressure of steam for 
several hours until the extraction is judged to be complete, then 
allowed to cool, the fat removed from the surface, and the liquid 
strained to remove the solid pieces. 

The aqueous solution thus obtained may be used either for 
soup stock or for making beef extract. In the latter case the liquid 
is concentrated in a partial vacuum to the consistency of a pasty 
solid or of a viscous liquid. Beef extract is also made by concentrat¬ 
ing the water in which the meat was parboiled in preparation for 
canning. 

Bouillon cubes are made from meat which has been extracted at 
a temperature sufficiently low to prevent coagulation of the albu¬ 
mins. The extracted liquid is strained, flavored, seasoned, concen¬ 
trated, and molded. Bouillon cubes usually contain yeast extracts or 
other plant extracts as well as meat extract. They may also contain 
excessive amounts of sodium chloride. 

Creatine has usually been considered the characteristic nitrogen 
compound of meat extract. Purine bases are, however, also present 
and may have greater physiological significance. Potassium phos¬ 
phate is the principal salt (unless extra sodium chloride has been 
added) and this doubtless plays a part in the stimulating effects of 
the extract. The acidity of the extract is usually attributed to lactic 
acid. 

LEGISLATION AND INSPECTION 

Meats vary so greatly in fat content that it is impracticable to 
set standards for percentages of nutrients in natural meats, although 
there are such standards for certain manufactured products of meat. 

Standards for meat itself relate chiefly (a) to commercial grade 
and (b) to the healthfulness of the animals from which obtained and 
the sanitary conditions in which the meat is handled. These latter 
are matters of great importance. In the preface to their translation 
of Edelmann’s Textbook of Meat Hygiene, Mohler and Eichhom 
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of the United States Bureau of Animal Industry write: “Of the 
\aiious classes of foods, meat is one of the most important, anil it is 
certainly the one most subject to conditions rendering it unwhole¬ 
some or even dangerous." 

Not only are certain diseases of animals communicable to man 
through eating of the flesh, but also there is always danger through 
lack of cleanliness in the slaughterhouse, exposure to dust or flies, 
handling by men who are carriers of disease germs, or by other acci¬ 
dent, that meat may be infected with organisms such as the Sal¬ 
monella enteritidis, which according to Buchanan multiply in the 
meat, producing poisonous products which are not destroyed by 
cooking, and which are now considered to be the commonest cause 
of food poisoning, including what is ordinarily called ptomaine 
poisoning. 

The flesh may become infected with S. enteritidis either before 
or after the slaughter of the animal. Veterinary inspection seeks to 
exclude animals thus infected as well as those diseased in other 
ways. To prevent the infection of the meat during slaughterhouse 
operations and subsequent handling requires strict sanitation. 

Experiments cited by Buchanan * have shown that when S. en¬ 
teritidis is placed upon the surface of fresh meat, it rapidly penetrates 
to the interior of the tissues even when the meat is stored at a rela¬ 
tively low temperature. 

Since this organism may occur in the intestinal contents and 
feces of even healthy animals, it is plain that every precaution should 
be used to see not only that the animal is not diseased but also that 
no trace, even microscopic, of fecal material is ever allowed to come 
m contact with the edible tissues. This means the rigid exclusion of 
flies from slaughterhouses and a high degree of cleanliness in all the 
operations. 

Veterinary and sanitary inspection and control of slaughter¬ 
houses and meat packing establishments is therefore extremely im¬ 
portant. For the establishments which send products into interstate 
or foreign commerce, this is provided by the United States Depart¬ 
ment of Agriculture under the meat inspection law of 1906. It is 
estimated that normally about 65 per cent of the animals slaughtered 
in the United States receive Federal inspection while about 35 per 
cent are slaughtered for food in establishments doing business en- 


Bacteriology, p. 405. 
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tii ely within one state and which therefore do not come under the 
jurisdiction of the national authorities. Thus there is urgent need of 
adequate state and municipal inspection to supplement the Federal 
inspection; and such inspection is already effective in some com¬ 
munities. 

Only the provisions of the Federal inspection can be discussed 
here. 

Federal meat inspection. In an amendment to the law making 
appropriation for the U. S. Department of Agriculture (Public Num¬ 
ber 382, approved June 30, 1906) Congress authorized the Secretary 
of Agriculture to provide for inspection of all packing houses whose 
products enter into interstate or foreign commerce, to inspect all 
animals before and after slaughter and condemn all carcasses or 
parts thereof found unfit for food. It was provided that inspectors 
shall have access to all parts of the packing houses at all times of 
the day and night to examine all meat food products prepared “and 
said inspectors shall label, mark, stamp, or tag as 'Inspected and 
Condemned’ all such products found unsound, unhealthful, and 
unwholesome, or which contain dyes, chemicals, preservatives, or 
ingredients which render such meat food products unsound, un¬ 
healthful, unwholesome, or unfit for human food: Provided, that 
subject to the rules and regulations of the Secretary of Agriculture, 
the provisions hereof in regard to preservatives shall not apply to 
meat food products for export to any foreign country and which 
are prepared or packed according to the specifications or directions 
of the foreign purchaser, when no substance is used in the prepara¬ 
tion or packing thereof in conflict with the laws of the foreign 
country to which said article is to be exported.” Meats from healthy 
animals prepared in sanitary establishments in accordance with all 
requirements are labeled "Inspected and Passed,” and only meat 
products so labeled are allowed in interstate or foreign commerce. 
The Secretary of Agriculture is authorized to furnish certificates 
of exemption to farmers and retail butchers, who are exempted 
under the law. The regulations governing the meat inspection of 
the U. S. Department of Agriculture are published by the Bureau of 
Animal Industry of the Department, to which Bureau is delegated 
the conduct of this work. Among these regulations are detailed re¬ 
quirements as to sanitary arrangements in slaughter- and packing¬ 
houses, and the sanitary conduct of all the operations; also explicit 
provision as to what diseases (and in what degrees) shall cause a 
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carcass to be condemned, what may be passed, and what intermediate 
grades may be rendered for lard or tallow but not used for meat. 
The regulations regarding preservative substances and colors pro¬ 
vides that common salt, sugar, wood smoke, vinegar, pure spices, 
sodium nitrate or nitrite, and saltpeter, may be added. Sodium 
benzoate may be used when its presence and amount are shown on 
the label. Only such coloring matters as may be designated by the 
Secretary of Agriculture as being harmless may be used and these 
only in such manner as the Secretary of Agriculture may designate. 

The need of adequate State and city meat inspection to supple¬ 
ment the work of the Federal authorities has already been men- 
tioned. This is important both to secure proper conditions in local 
slaughterhouses and to insure proper handling of the meat in whole¬ 
sale and retail markets and shops. The flesh of a healthy animal 
should be practically sterile at slaughter, and we have seen above 
that in good meat kept frozen the multiplication and penetration of 
bacteria is slow; but in an investigation by Weinzirl and Newton, 
the bacteria content of Hamburg steak as sold at retail was found 
to be very high. Plainly consumers should demand careful handling 
of meat products. 

MARKET CLASSES AND GRADES 

Aside from the question of the sanitary character of the meat 
supply which is of very real importance to health, the trade also 
recognizes differences in quality or grade defending upon the physi¬ 
cal properties of the meat which are considerably influenced by the 
age, nutritive condition, and other characteristics of the animal. 
These market “qualities” sometimes run counter to actual food value 
but since the price of meat depends largely upon them, they are of 
considerable commercial importance. 

The Federal government has endeavored to assist producers and 
consumers alike in solving this problem by formulating definitions 
of classes and grades of meat animals and meat but the results are 
not yet (1948) entirely satisfactory. 

Carcass beef for slaughter is divided into five grades: Steers, 
heifers, cows, stags, and bulls. (Some of these are still further divided 
into subclasses based on weight, such as heavy-weights, medium- 
weights, and light-weights.) 

Having grouped the animals into these five classes based largely 
on sex and age, each class is further subdivided into grades accord- 
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ing to conformation, finish, color, and quality. The official designa¬ 
tions used originally for grades of cattle and calves, and now recog¬ 
nized also for lamb and mutton are: Prime or No. Al, Choice or No. 
1, Good or No. 2, Medium or No. 3, Common or No. 4, Cutter or No. 
5, and Low Cutter or No. 6. The grades of dressed meat correspond 
with those ol the live animals. (Fig. 12). 



Fig. 12. Hindquarter of beef showing Federal inspection and grading stamps, 
ilie latter so placed as to appear on the retail cuts. (Bur. of Agr. Economics, 
U. S. Dept. Agriculture.) 

It will be noted that the separation of classes is a matter-of-fact 
grouping according to age, sex, and size: but the grades assigned de¬ 
pend upon traditional prejudices and the presumed willingness of 
the consumer to pay more per pound for what are traditionally 
“choicer” cuts. Thus to the trade the most desirable conformation of 
meat animal is that which will yield the largest weight or proportion 
of the cuts which sell at high prices. Also it is assumed that a given 
cut will bring a higher price when it comes from an animal fattened 
to a high degree of finish, for this is traditionally supposed to be 
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tori elated with tenderness and juiciness though recent researches 
at the University of Illinois and elsewhere do not give much support 
to this supposition. As to color, the market gives its highest grade 
to a certain precise but arbitrarily established shade of red, marbled 
with pure white rather than yellowish fat; though nutritionally the 
yellower fat is preferable as being higher in vitamin A value. Re¬ 
search in the U. S. Department of Agriculture has recently shown 
that the yellow fat of the grass-fed animal, both in its muscles and 
in its adipose tissue, may be many-fold licher in vitamin A value 
than the corresponding white fat from the grain-fed beef. 

While the grading is not explicitly based upon the extent and 
intensity of the grain-feeding of the meat animal, yet the traditional 
criteria of conformation and “finish” in the animal, and color and 
marbling in the meat, are such that relatively large amounts of grain 
must usually be fed in order to obtain the market grade of Choice 
or Prime and the high price per pound which these grades bring. 

There is need of much careful and patient teaching to make clear 
to all concerned that the highest market grades do not mean the 
nutritionally best meat. Actually they distinguish a luxury product 
not as high in protein or vitamin A value, and usually not as rich 
in iron and phosphorus as is the Good grade. And whether there is 
any constant or dependable difference in tenderness or juiciness 
between Good, Choice, and Prime meat of the same class is con¬ 
sidered doubtful by many of the ablest experts. What is certain is 
that Choice and Prime cost consumers much more money, chiefly 
because they have required much more grain to produce; and that 
the extra grain can and should be used in other ways which are 
much more advantageous to the good nutrition of the people. 

COMPOSITION AND NUTRITIVE VALUE 

Here, as elsewhere in this book, it is assumed that the reader has 
at hand the Government “Tables of Food Composition” (U. S. Dept. 
Agriculture Miscellaneous Publication No. 572) so that data therein 
contained need not be repeated here. Instead of repetition, the 
function of the present pages is comment and explanation. 

We saw in Chapter III that milk consists of a “serum” (which 
when separate we call skim-milk) of fairly constant composition, in 
which floats a variable proportion of fat. Similarly, meat consists 
of the lean part (muscle substance or protoplasm), which is about 
three fourths water and one fourth protein with about one per cent 
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of salts, but in which is interspersed a very variable proportion of 
fat. The proportion of fat is usually higher in pork than in beef, 
veal, lamb, or mutton; but within any one species and class the pro¬ 
portion of fat depends largely upon the degree in which the animal 
has been fattened (“finished”) for market by intensive grain feeding. 
The weight which is added to the carcass by this intensive finishing 
is almost exclusively fat, and so the percentages of proteins, mineral 
elements and vitamins are correspondingly lowered. Then after the 
meat with the extra fat (which has been added at the cost of in¬ 
creased expense and lowered nutritive value in all other respects) 
has been weighed and paid for, much of this extra fat is trimmed 
off—partly in the butcher-shop, partly in the kitchen, and partly 
on the plate at table—and so yields only a fraction of its calories to 
the consumer. 

Usually, tables of composition of foods assign to each side, 
quarter, or cut of meat all the fat that it contained or that accom¬ 
panied it in the original dressed carcass. This, of course, is technically 
correct in that all the fat is edible; but it gives an exaggerated im¬ 
pression of the energy (calorie) value of meats as actually eaten. 

This is probably true in largest degree of beef, but in only mod¬ 
erately lesser degree of veal, lamb, and mutton. 

Of pork, some cuts are so nearly clear fat as sometimes to be 
counted in food statistics as fats rather than as meats. Students 
should accustom themselves to be on guard against discrepancies 
of statement arising from this fact. 

Perhaps because of scarcity of fats in the early days of this coun¬ 
try, preference was given to fat hogs in breeding with the result that 
the so-called lard type of hog predominates in this country in con¬ 
trast to the lean or bacon type which is favored in many European 
countries. Leaner-type breeds are now (1948) being developed in the 
U. S. Department of Agriculture. 

In pork, although the carcass as a whole contains a much higher 
proportion of fat than in the other meat animals, much of the fat 
is separated and sold as such so that the comparison between indi¬ 
vidual cuts of dressed pork and other meats may not show such 
striking differences in fat content, as does the whole carcass. 

The fat from the abdominal cavity of the hog furnishes the leaf 
lard of commerce. Lower grades of lard are rendered from trimmings 
and various parts not suitable for making into sausage. Lard will be 
discussed further in connection with other edible fats in Chapter 

XII. 
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Generally about nine tenths of the whole weight of dressed pork 
is cured in various ways chiefly by salting or smoking or both. About 
one eighth of the live weight is obtained in lard and about the 
same in hams, while the yield of shoulders is slightly less (about one 
tenth of the live weight) and the remainder, aside from the head, is 
cut into different proportions of loin, back, ribs, middle cut, and 
belly according to circumstances and demands. 

The fuel value of meat or fish is very directly dependent upon 
its fatness. A gram of clear fat has a fuel value of about 9 Calories, 
whereas a gram of clear lean containing about one fourth gram 
protein has a fuel value of but 1 Calorie. 

The fats vary somewhat in composition both as between different 
species and different organs of the same species, but, so far as is 
known these variations in the composition of the fat are of little 
nutritive significance in ordinary experience. 

Protein is the principal solid constituent both of muscle and 
connective tissue. Muscle tissue contains several proteins, prominent 
among which are myosin and closely related globulins. For the pur¬ 
poses of this discussion, muscle proteins may be considered as a 
group. Connective tissue is made up largely of collagen, which 
yields gelatin on boiling with water. 

As between muscle protein and gelatin, there are pronounced 
differences. It has long been known that gelatin alone cannot meet 
the entire protein requirement. Since the development of methods 
for the determination of individual amino acids, this deficiency in 
food value of gelatin has been correlated with the absence of certain 
amino acid radicles, conspicuously isoleucine and tryptophane; and 
the smallness of the amounts of histidine, methionine, phenylalanine, 
threonine, tyrosine, and valine in gelatin. 

The amounts of amino acids thus far determined in beef protein 
and in gelatin are compared in 'Fable 12. 

Ordinary muscle meat furnishes protein which is of good nutri¬ 
tive value itself and also is nutritionally efficient in supplementing 
the proteins of bread. So far as protein alone is concerned, meat is 
about as efficient as milk and eggs in this respect; but it should 
always be kept in mind that bread needs supplementing with respect 
to mineral elements and vitamins more than with respect to protein, 
and as sources of mineral elements and vitamins meat docs not take 
the place of milk and eggs. 

The color of lean meat is traceable to the iron-containing pro¬ 
tein, hemoglobin, which belongs in part to the muscle cells and in 
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TABLE 12. AMINO ACIDS TENTATIVELY DETERMINED IN 
BEEF PROTEIN AND GELATIN 



BEEF PROTEIN 

GELATIN 


PER CENT 

PER CENT 

Ala nine 

3.70 

8 . 7 ° 

Am monia 

1.07 

0.40 

Arginine 

7.50 

8.2 

Aspartic acid 

5.90 

3.4 

Cystine 

1.55 

0.31 

Glutamic acid 

15.5 

5.8 

Glycine 

2.10 

25.5 

Histidine 

3.50 

0.9 

Hydroxyglutamic acid 

A 

0.00 

Hydroxyproline 

A 

14.1 

Isolcucine 

5.9 

0.00 

Leucine 

7.8 

7.1 

Lysine 

8.1 

5.9 

Methionine 

3.66 

0.97 

Phenylalanine 

4.92 

1.4 

Proline 

5.80 

9.5 

Serine 

5.43 

0.4 

Threonine 

4.57 

1.40 

Tryptophane 

1.35 

0.00 

Tyrosine 

4.30 

0.01 

Valine 

5.10 

1.0 


° Each figure carried to one or two decimals as deemed justified bv investi¬ 
gators concerned. 

6 Presumably present but data not available. 

part to retained blood. The muscle meats of pastured animals may 
be expected to contain more iron (as hemoglobin) and more phos¬ 
phorus (as phospholipids) than those of grain-fed animals, though 
this difference may not appear in all cases. 

The characteristic flavors of lean meat are due in large measure 
to a group of nitrogenous compounds known as extractives. Opinions 
vary as to whether there are significant differences in the extractives 
of different kinds of meat. 

Among the extractives, creatine is most conspicuous, constituting 
about 0.25 per cent of the fresh weight of lean meat and being ordi¬ 
narily the most abundant organic substance of meat extract. It is 
possible, however, that the properties of meat extract may be due 
less to the creatine than to the purines and potassium salts. 

Purines exist in meat both “free” (as in the form of hypoxanthine, 
adenine, guanine) and “bound” as constituents of the nucleoproteins. 
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Hall determined the amounts of nitrogen existing as free and as 
bound purine in some different meats with the results shown in 
Table 13. 

TABLE 13. PURINES IN DIFFERENT MEATS (HALL) 


NITROGEN IN FORM OF 



"free” turines 

''bound” purines 

TOTAL PURINES 


per cent 

per cent 

per cent 

Beef 

0.0-160 

0.0070 

0.053 

Veal 

0.0130 

0.0100 

0.053 

Ham 

0.0398 

0.0064 

0.046 

Chicken 

0.03-18 

0.0147 

0.049 

Codfish 

0.0299 

0.0106 

0.040 

Liver 

0.0330 

0.0790 

0.112 

Sweetbread 

0.0420 

0.3510 

0.393 


It will be seen that, as found in Hall’s analyses, the amount of 
purine nitrogen is about the same for the muscular flesh of the 
different kinds, even including fish, but is much higher in the liver 
and sweetbread on account of the relatively large amount of nucleo- 
proteins in the highly nucleated secreting cells of these organs. 

Mineral elements in meats. Clear lean meat consisting essentially 
of muscle tissue contains about 1 per cent of mineral matter which 
on analysis appears as ash; clear fat has hardly any ash. The pro¬ 
portion of total ash or of any given ash constituent is therefore 
largely dependent upon the fatness of the meat and runs more or 
less parallel with the percentage of protein present. While the ash 
constituents of the muscle tissue differ somewhat with different 
species and with the same species at different ages, a rough estimate 
of the value of meats as the source of a given mineral element may 
be made on the basis of their protein content. Average meat is cal¬ 
culated, to contain per 100 grams of protein, about as follows: 


Calcium 

grams 

0.058 

Magnesium 

0.118 

Potassium 

1.694 

Sodium 

0.421 

Phosphorus 

1.078 

Chlorine 

0.378 

Sulfur 

1.146 

Iron 

0.015 

Copper 

0.0005 

Manganese 

0.00007 
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Meats contain a decided excess of the acid-forming over the base- 
forming elements. For equal degrees of fatness, the different kinds 
of meat appear to be substantially alike in this respect. 

Vitamins occur in varying amounts in meats, usually more abun¬ 
dantly in liver than in muscle, though in each of these organs the 
concentration of vitamin depends in part upon how the animal had 
been fed. Thus grass-fed beeves have higher vitamin A values not 
only in their livers but also in both their muscles and their adipose 
tissues than do the grain-fed beeves of otherwise similar history 
(Cabell, Ellis, and Madsen, 1943). 

When produced under comparable conditions, pork contains 
less vitamin A but more thiamine than does beef, and than do 
muscle meats generally. Muscle meats other than pork contain more 
riboflavin than thiamine. According to present evidence, riboflavin 
contents of different muscle meats are about in proportion to their 
protein contents or leanness. Liver usually contains more riboflavin 
than does muscle per unit of weight, but the amount of muscle meat 
is, of course, much larger than the amount of liver. Aside from 
fresh liver, meats are usually considered negligible as sources of 
vitamin C. 

Estimates of the average vitamin values of different kinds and 
cuts of meat are included in the Government Tables of Food Com¬ 
position (U. S. Dept. Agriculture, Misc. Publ. No. 572) and data for 
large numbers ol individual cases are given in the monograph of 
Waisman and Elvehjem (1942). 

TABLE 14. STATISTICAL DATA FOR THIAMINE AND RIBOFLAVIN 
IN MEATS 





COEFFICIENT 

NUMBER 

NUMBER 

VITAMIN 

KIND Ol MEAT 

MEAN ± P.E. “ 

OF 

OF 

OF 



MCC./100 C. 

VARIATION 

CASES 

STUDIES 

Thiamine 

Reef muscle 

131 ± 5.1 

46 

64 

20 


Pork muscle 

1192 ± 30.1 

48 

162 

17 


Edible liver 

313 — 11.9 

30 

35 

14 

Riboflavin 

Reef muscle 

195 ± 4.1 

24 

60 

14 


Pork muscle 

273 ± 4.2 

24 

114 

19 


Edible liver 

2799 ± 99.3 

41 

62 

21 


° P.E. here stands for the classical probable error of the mean. 


For the purposes of this paragraph there are brought together in 
Table 14 the mean data for thiamine and riboflavin contents of 
beef muscle, pork muscle, and liver of the kinds commonly used as 
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human food. With each mean value (arithmetical average) is its 
Probable error (P.E.) which lor every one of these six means is less 
than 5 per cent of the mean itself, which is a strong indication that 
the mean may be taken as reasonably established by the accumulated 
evidence that the table summarizes. Each mean is the average of 
from 35 to .62 "cases,” i.e., specimens analyzed; and from 14 to 21 
different studies enter intr the establishment of each mean. Pci haps 
the fact most strikingly emphasized by this collection and simple- 
statistical examination of the evidence is that pork muscle is about 
nine times richer than beef muscle in thiamine, while it is only 
half again richer in riboflavin. From the viewpoint of biochemist] y 
this richness of pork muscle in thiamine is a scientifically striking 
fact. From the viewpoint of the nourishment of the consumer it may 
be regarded somewhat as an offset for the fact that the extra-thor¬ 
ough cooking of pork, now recognized as necessary to guard against 
trichinosis , destroys a large proportion of the thiamine of the pork. 
No corresponding species difference has been found*for either the 
thiamine or the riboflavin content of liver, so that for the purposes 
here in view it seems best to average together the different kinds of 
liver commonly used as food by American families. (This is better 
science than to feature differences between means of subdivisions, 
some of which might contain too few cases to be adequately repre¬ 
sentative.) 

The glandular organs constitute such a small percentage of the 
meat which any given animal affords that the greater richness of 
these organs in certain mineral elements and vitamins has but little 
influence upon the nutritive value of the meat supply as a whole. 
Thus, if all edible liver were used as human food it would amount 
to only about one thirtieth of the meat supply. 

Digestibility of meat. Meat protein is usually digested quite 
rapidly and shows a high percentage of absorption from the digestive 
tract, the average coefficient of digestibility being about the same 
for the protein of meat, milk, and eggs, viz., 97 to 98 per cent. 

The extractives of meat probably aid to some extent the diges¬ 
tion of the proteins by stimulating the flow of gastric juice. In a 
series of seven human digestion experiments in which extracted 
beef constituted a large part of the diet, the average coefficient of 
digestibility of the meat protein was 92 per cent. This decreased 
digestibility may have been due in part to the rather large amount 
of meat eaten (300 grams per day), but was probably at least in part 
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attributable to the withdrawal of the extractives. (Atwater and co- 
workers, not published in detail.) 

Mendel and Fine reported a series of digestion experiments with 
dogs in which the utilization of the protein of extracted meat fiber 
ranged from 89.3 to 91.3 per cent, while that of fresh meat was 93.7 
to 94.5 per cent, leading them to the conclusion that the utilization 
of the nitrogen (protein) of the extractive-free meat powder “is dis¬ 
tinctly, although slightly, lower than that of fresh meat.” 

The digestibility of the fat of meat is influenced by the amount 
eaten and its mechanical condition, whether in large or small masses. 
In favorable circumstances 95 per cent or more of the fat of meat is 
digested and utilized. 

The relative digestibility of meats as the term is used popularly, 
and in medical writings, is apt to refer to the length of time that the 
meat remains in the stomach. Penzolt experimented by feeding 
different articles of food and after different intervals withdrawing 
the stomach contents by means of a stomach-tube. From the results 
of such experiments he constructed a table indicating the time which 
must elapse after taking a stated amount of a given food until it 
has entirely left the stomach. These results are widely quoted, espe¬ 
cially in books on dietetics. 

The length of time which meat remains in the stomach may vary 
considerably, depending upon such factors as the fat content, method 
of cooking, thoroughness of mastication, etc., but the ultimate utili¬ 
zation, at least by healthy persons, is much more nearly alike. 

In a discussion of the extended series of experiments made under 
the auspices of the United States Department of Agriculture, Lang¬ 
worthy stated: “There was nothing in the results of the experiments 
to indicate that any one variety of meat or any one cut of meat has 
any very great advantage over others in this respect.” 

Grindley found that differences in the rate of gastric digestion 
as between meats cooked in different ways, could be detected in 
artificial digestion experiments when the experiments were of suffi¬ 
ciently short duration, but practically disappeared in artificial ex¬ 
periments of longer duration, and in the coefficients of digestibility 
obtained in actual experiments with healthy men. 

Blunt and Mallon reported that the coefficient of digestibility of 
both slightly cooked and much cooked bacon fat was found to aver¬ 
age 96.7 per cent, approximately the same as for other soft fats; and 
also that the protein of bacon is as well digested as that of other 
meats. 
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Food x'alue of meat broths and extrac ts. The cxtraclives of incat 
are stimulating, and lor this reason may be useful additions to the 
dietary, but they have almost no known food value unless possibly 
as sources of riboflavin and folic ac id. 

Meat broths may be so prepared as to contain sonic ol the toagu- 
lablc protein as well as the extractives, but Grimlley in a long series 
of experiments never succeeded in obtaining more than la per cent 
of the true protein of the meat in the broth, and in the average ob¬ 
tained only 7 per cent, so that it is evident that at best the broths 
must be of but limited food value and that the residual meat, even 
though tasteless, still retains by far the greatest part of the protein. 

Some so-called meat extracts partake more or less of the nature 
of condensed broths, containing coagulated protein with the ex¬ 
tractives, some certain proteoses or peptones, and some are enriched 
with dried and ground meat. Preparations of condensed meat juice 
and some consisting essentially of condensed blood arc also commer¬ 
cially available. Many of these products were described by Bigelow 
and Cook in Bulletin 114 of the Bureau of Chemistry, U. S. Depart¬ 
ment of Agriculture. 

Food value of gelatin. It has already been pointed out that gelatin 
alone cannot maintain protein equilibrium in nutrition. It is, how¬ 
ever, not simply a protein-sparer as it was formerly called. Gelatin 
is a true protein so far as it goes, but not complete as a protein food, 
the incompleteness of food value being doubtless due to the absence 
or shortage of certain amino-acid radicles, conspicuously trypto¬ 
phane, in the gelatin molecule. If one were to depend very largely 
upon gelatin as a food, it would be important that some other pro¬ 
teins, such as those of milk, rich in the particular amino acids which 
gelatin lacks, should also be represented in the diet. 

PLACE OF MEAT IN THE DIET 

A sound consideration of the place of meat in the diet requires 
a scientifically conscientious maintenance of openmindedness. When 
in a frank discussion of British food rationing during the Second 
World War, a scientist high in the governmental handling of food 
problems was asked whether it was more difficult for the British 
people to be objective and patriotic with reference to meat than to 
other food restrictions, he replied: “Yes, undoubtedly." 

And whether we consider the thoughts and feelings between the 
high- and low-income people of the nation, or between the “have” 
and "have not” nations, inequity of distribution of meat plays an 
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exceptionally large part in self-centcredness versus social justice. 

The flavor of meat is well liked by most people, its extractives 
stimulate the flow of gastric juice and probably have some stimulat¬ 
ing action upon the body generally. Meat is a food quickly cooked 
and (in general) rapidly digested; and tradition associates meat- 
eating with vigor and initiative, with success in the chase in earlier 
days and in more recent generations with success and prosperity 
generally. With this attitude toward meat as a food, Europeans com¬ 
ing to America and finding here a more abundant supply of meat 
than that to which they had been accustomed, have naturally made 
meat a larger part of their diet than it was or is in the countries 
from which they came. Also those who slay in Europe tend to in¬ 
crease their meat consumption if they can. The Food and Agriculture 
Organization of the United Nations estimates that "before the war, 
the United Kingdom took 80 per cent of total world meat exports." 

Because of the strong tradition, at least in the western world, 
associating meat with feasting and a high standard of living, most 
countries tend to have about as high a per capita meat supply as 
they are economically able to afford. Up to what point they are 
justified in believing themselves better nourished when their meat 
consumption is high is a difficult question. 

It may be well to approach this question from the viewpoint of 
habitual meat consumption in different countries of the western 
world. 1-or ten presumably representative countries and for the 
normal years preceding the first world war and its aftermath of 
economic crisis, the U. S. Department of Agriculture has estimated 
per capita meat consumption per annum as follows: 


United States 

pounds 

154 

Canada 

137 

United Kingdom 

124 

Germany 

116 

France 

106 

Belgium 

86 

Denmark a 

76 

Norway * 

62 

Sweden ° 

62 

Russia ° 

50 


° Data for the last four countries are for a few years earlier than those for the 
six countries first given above, but all are deemed reasonably comparable. 

More recently the Department has estimated the per capita meat 
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consumption in the United States lor each of the years 1909—15 as 
shown in Table 15. 

TABLE 15. PER CAPITA CONSUMPTION OF MEAT IN THE U. S.. 
1909-1915 


year 

pounds 

year 

pounds 

1909 

164 

1930 

137 

1910 

157 

1931 

137 

1911 

161 

1932 

138 

1912 

155 

1933 

143 

1913 

152 

1934 

152 

1914 

148 

1935 

128 

1915 

143 

1936 

140 

1916 

148 

1937 

137 

1917 

144 

1938 

136 

1918 

150 

1939 

142 

1919 

148 



1920 

144 

1935-39 


1921 

141 

average 

137 

1922 

146 



1923 

154 

1910 

148 

1924 

152 

1941 * 

150 

1925 

147 

1942“ 

149 

1926 

146 

1943“ 

152 

1927 

144 

1944 “ 

160 

1928 

140 

1945“ 

157 

1929 

138 

preliminary 



“Civilian consumption only. 


By comparison of the two sets of figures above it can be seen that 
even the combined effects of the great drought in our middle west 
and western plains and the poverty of a worldwide depression left 
the United States even in the “record low” year of 1935 with a level 
of meat consumption above Great Britain’s normal average. During 
the war years, notwithstanding the great demand for meat for our 
armed forces and our Allies, and the resulting high prices, enough 
families spent for meat enough of their wartime wages to bring the 
average of civilian consumption up to the high level of the years 
preceding the First World War. 

Thus both within the United States and as between this and 
other countries, it is chiefly purchasing power that determines the 
level of meat consumption—in the present state of knowledge and 
feeling. But scientific knowledge and the feeling for social justice 
are both growing. Many highly carnivorous people—who may before 
have felt a slightly uneasy conscience over their devotion to “the 
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fleshpots,” or who may have thought nothing about it—are now 
thinking that it would be better for all concerned, physiologically 
or psychologically or both, if the world's meat supply were more 
equitably distributed among the world’s people. And also increasing 
numbers of people are coming to understand that to turn so much 
grain as we now do into the making of meat (especially into the 
high fattening of meat animals), is very extravagant of our food- 
production resources. The grain which, while suitable for human 
food is now being fed to meat animals, might better be divided be¬ 
tween this and two other uses. First priority should be given to the 
bringing of such grain directly into human consumption so long as 
there are people in need of bread or its equivalent. Secondly, a very 
substantial amount of this grain should be fed to dairy cattle to in¬ 
crease the milk supply, because we know there are many families 
who need more milk for the full health of all their members. Then 
let the grain-feeding of meat animals come third in the priority 
sequence. 

I he most effective step in such a readjustment would be for the 
highly carnivorous people to moderate their market-demand for 
grain-fed meats so as to make it more profitable for farmers to turn 
their grain into milk than into meat; and this is in any case a sure 
gain to the community because milk cows are inherently more effi¬ 
cient producers of human food than meat animals are. 

How much meat per person is needed to enable all to have the 
full benefit that meat can bring them? People who consider only 
themselves may see no point to this question so long as they have 
money enough to buy all the meat they desire. But increasing num¬ 
bers of people have enough interest in social justice to wish an 
answer to this question as soon as they become aware of its signifi¬ 
cance. And the question is being studied from different angles by 
people with the problem of bringing within reach of all families 
the food they, need for the health of all their members—for health 
and efficiency in the adults; for health and good growth and develop¬ 
ment in the children; and for a reasonable sense of psychological 
satisfaction in all. 

The consensus of opinion of several who have studied this ques¬ 
tion is that one and one-half pounds of meat per person per week, 
in a dietary equally generous in other respects, is a reasonable esti¬ 
mate of full physiological and psychological adequacy for an Ameri¬ 
can family. This is the amount proposed in the National Food 
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Allotment Plan which proposes also lour eggs and live <|uarts of 
milk a week as well as nutritionally approved amounts of other foods. 

From the figures given above it will be seen that the suggested 
per capita meat consumption of 78 pounds a year is higher than that 
of any of the three Scandinavian countries whose food supplies en¬ 
abled them to make outstanding records in public health and in 
the world of athletics; and it is more than half-again higher than 
the meat in the food supply of Russia whose people have shown great 
strength and endurance. 

These facts of large-scale human experience, as well as the find¬ 
ings of laboratory experiments and of studies of family consumption 
in the United States and the United Kingdom, some of which were 
directly correlated with health records, would seem to furnish ample 
reassurance as to the generous adequacy of such an allowance as is 
here suggested for everyday normal nutrition. 

Extra meat as well as extra milk may well be recommended for 
such cases of special demands upon the body as women during preg¬ 
nancy and lactation, and for people who make large or repeated 
donations of their blood. 

Both the people who are devoted to a high rate of meat consump¬ 
tion and the farmers who find meat (or meat and egg) production 
more remunerative and easier than alternative projects have been 
in the past, may need some education in order to see that discussions 
like this mean not a lessened appreciation of meat but rather an 
interest in its broader and more equitable distribution. 

And while equitable may not mean equal, an equitable distribu¬ 
tion of meat would, in most parts of the world, be a more nearly 
equal distribution than there is now. It is unsound to attempt to 
evade or gloss over this cjuestion with vague references to the differ¬ 
ing food habits of the people of different cultures. For while a few 
of the human family prefer to be vegetarians, the vast majority of 
people eat as much meat as they have means to buy, and are eager 
to get their full share. There is need of scientifically honest facing 
of the question how far differences of meat consumption are due to 
cultural preferences and how far to economic disparities. 

From Table G in Chapter III it will be seen that the typical 
American families studied in 1942 spent 23 per cent of their food 
money for meat (including fish and poultry) anti received therefrom 
10 per cent of their calories, 25 per cent of their protein, 2 per cent 
of their calcium, 21 per cent of their food iron, 9 per cent of their 
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vitamin A, 31 per cent of their thiamine, 15 per cent of their ribo¬ 
flavin and 1 per cent of their vitamin C. Thus the expenditure for 
meats, fish, and poultry brought to the dietary about its quota of 
protein, iion, and thiamine; from one third to two thirds its quota 
of calorics, vitamin A, and riboflavin; and less than one tenth its 
quota of calcium or vitamin C. 

When “low-meat,” "medium-meat,” and "high-meat” dietaries 
of the some cost were compared it was found that, at the given level 
of total food cost, the higher the proportion of the food money spent 
for meat, the less often did the consumer get a well-balanced diet of 
all-around adequacy. Thus it appears probable that American fami¬ 
lies have genet ally tended to give meat a somewhat higher promi¬ 
nence in the diet and lood budget than would the best nutritional 
guidance that present-day knowledge affords. 
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CHAPTER VII. POULTRY, GAME, FISH, 
AND SHELLFISH 


Poultry, game, fish, and shellfish belong in their essential char¬ 
acteristics with the meat foods discussed in the preceding chapter. 
They are treated separately here, not so much in deference to the 
traditional distinction between flesh, fish, and fowl as because the 
products now to be considered are usually not classed as belonging 
to the slaughter-house industry and do not come under the pro¬ 
visions of the meat-inspection law. 


POULTRY 

The term poultry includes chickens, turkeys, geese, ducks, guinea 
fowl, pigeons (or squab), and domestically propagated game birds 
such as pheasants and quail. Of the total number of poultry raised 
in the United States, chickens number about 96 per cent, turkeys 
about 2 per cent, geese less than 1 per cent, ducks less than 1 per 
cent, and the remaining groups less than one half of I per cent. 
Poultry is raised in small flocks on general farms and in large flocks 
on specialized farms. Large commercial flocks of chickens are raised 
chiefly in the Middle Atlantic and the Pacific states; turkeys are 
grown on a large scale in the Mountain and Pacific states; ducks, 
chiefly on Long sland. 

Poultry production is highly seasonal; the great bulk of the crop 
is sent to market during the fall and winter months. Total consump¬ 
tion is estimated at about 20 pounds per person per year in the 
United Stales. 

Marketing poultry. Much of the poultry now offered for sale is 
produced hundreds of miles from its market. The most common 
practice is for the producer to sell his crop alive to a local buyer or 
car-lot shipper of poultry. A limited amount of poultry is shipped 
alive, principally to Jewish markets in large cities. The transporta¬ 
tion of live poultry presents numerous problems most of which lie 
outside the scope of this book. Most poultry is killed and dressed 
before shipping to terminal markets. 
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I he shipping and handling of poultry killed at a distance from 
market involves obvious possibilities of deterioration. That this 
may be avoided, the methods of dressing poultry and of maintaining 
efficient refrigeration in transit and while awaiting sale have been 
studied both by the United States Department of Agriculture and 
by the poultry industry. Many of the studies arc repotted in the 
bulletins and other articles listed at the end of this chapter. 

The practices recommended by Pennington for handling freshly 
killed poultry are now generally followed. After removal of leathers, 
and without removal of the entrails, the fowls are hung by the feet 
on racks made entirely of metal and chilled for 48 hours. The car¬ 
casses are then graded and packed, preferably in boxes holding 12 
fowls each. The boxes are lined with parchment paper and some¬ 
times each fowl is wrapped separately. Individual cartons ate some¬ 
times used for extra high grade poultry. The packed poultiy is 
shipped in refrigerator cars. Poultry which has been chilled before 
shipping is sold as "fresh killed” unless it is subsequently subjected 
to prolonged low temperature. 

Chemical analyses indicate that even when well handled and dry 
packed, the condition of dressed poultry after transportation varies 
appreciably with the differences in car temperatures ordinarily met. 
The variation tends to become greater throughout the period that 
the fowls remain at the wholesale commission house or in the hands 
of the retailer. 

Storage of poultry. During the fall and early winter months cur¬ 
rent receipts of poultry at terminal markets exceed the demand of 
consumers; at other seasons receipts fall below the demand. To main¬ 
tain an adequate supply throughout the year, the surplus production 
of the fall and winter is put into cold storage. The average time of 
holding poultry in cold storage is 4 to 6 months. The results of tests 
conducted by the United States Department of Agriculture indicate 
that poultry "can be held from 9 to 12 months without appreciable 
loss in flavor, and much longer periods without loss in food value 
or wholcsomeness.” 

The boxes of poultry are placed in “sharp freezers” (rooms at a 
temperature of —5° to —15° F.) until the poultry is frozen hard, 
then transferred to permanent storage rooms in which the tempera¬ 
ture is sufficiently low to maintain the frozen state. 

Preservation is of course much more perfect when the fowls arc 
kept hard frozen and delivered to the consumer without thawing. 
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POULTRY, GAME, FISH, AND SHELLFISH 

The common practice of thawing frozen poultry before exposing it 
for sale is objectionable in that it introduces an opportunity for 
deterioration which is quite unnecessary, and would be avoided if 
consumers would learn to demand that poultry which has once been 
frozen be delivered to them in a solidly frozen condition. A trade 
association of the poultry industry recommends that poultry be pur¬ 
chased in the frozen state and defrosted in the home, preferably in a 
mechanical refrigerator. 

Grading of poultry. Both live and dressed poultry are sold under 
recognized market classes which vary slightly in different cities. As 
part of its work in the standardization of farm products, the Bureau 
of Agricultural Economics of the United States Department of Agri¬ 
culture undertook to set up a standard classification and grading, 
which (like many other projects) has been delayed by the war. Those 
interested should write to that Bureau. 

Canned poultry. Whole chickens, chicken meat, chicken broth, 
and special chicken products are canned. Government inspection of 
poultry used for canning is not compulsory but this service is avail¬ 
able to packers on request to the United States Department of Agri¬ 
culture. Packers of government-inspected chickens may include men¬ 
tion of the inspection on the label of the can. 

CHEMICAL COMPOSITION AND NUTRITIVE VALUE 

Here as elsewhere in this book the reader is referred, for the 
routinely used data of food composition, to the "Government tables,” 
prepared by cooperation of the United States Department of Agri¬ 
culture and the National Research Council, and issued as the De¬ 
partment’s Miscellaneous Publication No. 572. These Government 
tables will presumably be rather frequently revised and the readers 
of this book are assumed to have at hand the then current edition 
of the data thus sponsored by the Government. 

The nature of the nutrients in poultry meat is, so far as known, 
not different in any important respect from that of other meats. 
The chemical nature of the protein as shown by the kinds and 
amounts of amino acids found in comparisons of the flesh of widely 
different species, is very similar when allowance is made for the re¬ 
spective dates of the data and the fact that methods of determining 
amino acids were (and are) still undergoing development. 

The light meat, such as breast, is composed of more tender fibers 
less firmly held together by connective tissue than is the dark meat. 
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such as the leg muscle. Usually also the light meat contains less fat. 
For both these reasons it is apt to be somewhat more lapklly digested, 
at least in the stomach, and is therefore preferable for people having 
weak digestion. The impression that light meat furnishes less of 
the substances which give rise to uric acid in the body does not seem 
to have been confirmed. Neither have we evidence that the ash 
constituents differ in any important way. Recently, however, it has 
been so repeatedly found as now to appear fully established that, in 
riboflavin content, light meat of chicken and fowl is lower, while 
dark meat is higher, than other meats generally. Considering the 
fowl as a whole, its meat is reasonably similar to other meats in this 
as in other respects. 

Because poultry and fish are comparable in nutritive value, their 
place in the diet will be considered at the end of this chapter follow¬ 
ing the sections on fish and shellfish. 

GAME AND NEW OR UNUSUAL FLESH FOODS 

Formerly game was exceedingly abundant in the United States 
and played a large part in the diet of the people generally. Now the 
amount of game is so diminished and its sale is so restricted that it 
has become a negligible factor in the food supply, and need not be 
considered here further than to point out that the flesh of game ani¬ 
mals and game birds does not differ materially in nutritive value 
from the meats and poultry already considered. 

The handling of wild rabbits, which are commonly used for 
food during the open season, has been found to constitute a health 
hazard. It has been estimated that about 10 per cent of all wild 
rabbits are afflicted with tularemia, a disease which is readily com¬ 
municable to man through abrasions of the skin or even through 
insect bites. The disease does not seem to occur in domestic rabbits 
nor has it been transmitted to man through the flesh of thoroughly 
cooked wild rabbits. 

The propagation of the reindeer in Alaska has been encouraged 
by the United States Department of Agriculture. The flesh of the 
reindeer is palatable; it has been compared to beef as to juiciness 
and to lamb as to texture. Reindeer meat is consumed chiefly in 
Alaska, but limited quantities have been shipped to this country 
and distributed to metropolitan markets. If the need arises for a 
new source of meat, reindeer flesh will probably be available in 
increasing quantities. 
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The meats which are used only occasionally in this country seem 
to resemble the more familiar kinds in nutritive value. Holmes and 
Deuel found this similarity in their studies of the digestibility of the 
protein of kid, rabbit, horse, and seal meats. 

FISH 

Except as wartime conditions interfered, the fishery products of 
the United States have constituted a food resource of growing com¬ 
mercial value and one which is likely to command increasing atten¬ 
tion from consumers with the improvement in both quality and 
quantity of the fish supply made possible by recent developments in 
refrigeration and transportation. 

Entirely reliable data on consumption of fish are difficult to 
obtain because possibly significant quantities are caught by local 
fishermen and consumed without passing through the regular chan¬ 
nels of trade, d he Bureau of Foreign and Domestic Commerce of 
the United Slates Department of Commerce has estimated the ap¬ 
proximate annual consumption of all fishery products (fresh, smoked, 
dried, and canned) in the United States at about 15 pounds per 
capita. The Food and Agriculture Organization of the United Na¬ 
tions has estimated world production at 10,500,000,000 pounds which 
corresponds to about 5 pounds per capita for the average of the 
world's people. 

It is estimated that almost nine tenths of our total fish supply 
come from the North Atlantic and the North Pacific. The principal 
ocean fishing grounds are the banks which are great areas of shallow 
water. In addition to the fish which are found only on the banks, 
other varieties are plentiful in the coastal waters of both oceans and 
the Gulf of Mexico. 

Marketing fish. Because among the most perishable of foods, fish 
must be kept at low temperatures even when shipped only short 
distances for immediate consumption. Fishing vessels which make 
extended trips in warm weather are frequently equipped with re¬ 
frigerating devices so that the fish can be kept cold from the time it 
is caught until it is delivered to the terminal market at the pier. 
Recent advances in refrigeration and rapid transportation of perish¬ 
ables have made it possible to ship fresh marine fish to all large 
markets in the country. 

As with most other foods, there is a surplus of fish at certain 
seasons of the year and a scarcity at other times. In order to maintain 
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a steady supply throughout the year, the surplus must be preserved 
by cold storage or other means. 

Fish packed in ice remains in prime condition for only a lew 
hours although it may be edible at the end of several days. If fish is 
to be stored for an extended period, it must be frozen haul and kept 
frozen until shortly before it is consumed. Modern methods of freez¬ 
ing and storage make it possible to keep fish in good condition tor 
more than a year. 

Frozen fish. In actual trade practice fish is seldom stoied in the 
frozen state for more than nine months. Although some fish is frozen 
in each month of the year, the part of the catch put into cold storage 
reaches the maximum during the summer and fall months and falls 
to a minimum in the early spiing months. Since 1920 there have 
been rapid developments in methods of freezing fish. A comprehen¬ 
sive summary of technical progress up to 1932 may be found in In¬ 
vestigational Report No. 1G of the Bureau of Fisheries, United States 
Department of Commerce, Developments in Refrigeration of I'ish 
in the United States. Both because the subject is still under active 
investigation and because limitations of space do not permit discus¬ 
sion of the many systems in use, consideration will be given here to 
the ends sought in freezing rather than to the means by which these 
results are obtained. 

To a considerable degree the undesirable changes associated with 
the earlier methods of freezing fish have been done away with by the 
introduction of quick freezing processes, which are now in general 
use in this country and in which the temperatures employed range 
from zero to 50° below zero Fahrenheit. Drip after defrosting can 
be reduced to a minimum by preliminary brining of the fish. Desic¬ 
cation is prevented and rusting retarded by glazing (i.e., dipping 
the frozen fish into cold water which freezes, coating the fish with a 
transparent film of ice) and by packing in moisture-proof wrapping. 
Fish may be frozen “round,” split, or cut into steaks or fillets; they 
may be handled as individual fish or packed in pans and frozen as 
cakes to be wrapped in boxes lined with parchment paper for retail 
distribution. 

Fish frozen by older and slower methods is commonly defrosted 
before being sold to the consumer. Quick-frozen fish, in contrast, is 
sold in the frozen state, thereby necessitating drastic changes in 
methods of shipping and retail display. In an investigational report 
of the Bureau of Fisheries of the United States Department of Com- 
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incite, the far-reaching consequences of the introduction of quick- 
frozen foods are outlined by Lemon as follows: 

“With the advent of the quick-frozen foods it became necessary 
to devise facilities of transportation which will maintain tempera¬ 
tures corresponding to those at which the products so treated are 
stored in warehouses. It is generally understood that fluctuations of 
temperature arc very detrimental to quick-frozen products: therefore 
eliort has been put forth to prevent these fluctuations. It is recog¬ 
nized that there would be no advantage in the producers putting 
forth the effort to deliver a quality product to the transportation 
systems if these systems were not in a position to retain the high 
quality. Likewise the retail distributors have found that certain 
changes in their equipment have been imperative if they were to 
deliver the same high-quality products as were placed in their stores. 
I hus it will be seen that the revisions in production methods have 
made it essential for each link in the marketing chain to be equally 
well fortified with improvements in order that the consumer may 
receive the products in the best of condition. These improvements 
have assumed the forms of more efficient shipping containers, better 
insulation, refrigerated transportation, and low temperature display 
cases.” 

Canned fish. Although canning is a newer method of preserving 
fish than drying, salting, or smoking, the canned fish industry out¬ 
ranks all these others in magnitude at the present time. Among 
canned fish products, salmon is far in the lead, with tuna and tuna¬ 
like fishes, sardines, shrimp, and clams following in the order listed. 
Since the canning process is similar for all fish products, the prepara¬ 
tion of canned salmon will serve as an illustration of the industry. 

Preparation of canned salmon. The salmon of the North Pacific 
coast has now become the most prominent fishery product of the 
United States. It is said that in the Northwest the catching and pack¬ 
ing of salmon is an enterprise second only to the lumber industry 
in size. The canned salmon put up in this region is used throughout 
America and also to a considerable extent abroad. The outline of 
the industry which follows is based upon a chapter by Loomis in 
Tressler’s Marine Products of Commerce. 

There are five principal varieties of salmon packed along the 
Pacific coast, each of which is known by several names, depending 
upon the locality in which it is caught. The fish with reddest flesh 
and most oil are usually preferred by consumers, the following being 
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the commonly accepted order of preference: (1) Red salmon, sotkcye, 
or blueback; (2) chinook, king, or spring salmon; (3) medium red 
salmon, coho, or silverside; (1) humpback or pink salmon; (5) chum 
or dog salmon. 

The salmon spend most of their lives in the sea but spawn in the 
fresh water of the rivers. They arc caught in seines and traps of 
various forms, placed along the shores of the mainland or islands at 
points which the large schools of fish pass on their way from the 
ocean to the rivers. As many as 50,000 salmon are sometimes taken 
in a trap at once. The sockeye salmon weighs usually from 5 to 10 
pounds, while the other varieties are larger, the chinook being 
largest and averaging about 30 pounds. 

At a cannery the fish are unloaded and carried by conveyor to 
a machine which removes the heads, tails, fins, and entrails. The 
fish are then cleaned, washed, and sliced transversely into pieces of 
the right size to fit the cans. Salt is first placed in the cans, then the 
sections of salmon are packed in. In the more modern canneries the 
entire process has been mechanized. The can covers are put on, and 
the cans exhausted with live steam, scaled while hot, tested for leaks, 
heated again at 245° F. to sterilize the contents, and the cans finally 
retested, cleaned, and labeled. 

The salmon canning industry is regulated by the Federal Security 
Agency under the Food, Drugs, and Cosmetics Act and by the Bureau 
of Fisheries under the provisions of the Alaska Fisheries Law. Loomis 
finds that the methods in use are generally adapted to the production 
of a fresh, clean, and high-grade product and that there is little if 
any attempt at misbranding, the cans being generally labeled to 
show the variety of salmon contained in them. 

Salted aiid dried fish. In the United States canning and freezing 
fish now surpass salting in importance but in most parts of the world 
salting is still the most generally used method of fish preservation. 

When fish are packed with dry salt, enough water is withdrawn 
from the fish to dissolve the salt, forming a concentrated brine. 
Thereupon osmosis takes place, with the skin and cell membranes 
of the fish acting “as imperfect semi-permeable membranes which 
permit the passage of the water out and some salt in, but prevent 
the passage of the colloidal proteins of the cells.” The loss of water 
causes the cells to shrink and the presence of additional salt in the 
cells brings about coagulation of some of the proteins. At this stage 
the flesh of the i«sh has lost to a considerable extent its translucent 
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appearance and sticky feeling: in the technical phrase of the salter, 
it is "struck through.” Eventually the concentration of the solution 
within the fish tissues is the same as that of the brine. When this 
state of equilibrium is reached, the salting process is complete and 
the fish is said to be “thoroughly struck.” 

The salt cod industry, centered at Gloucester, Massachusetts, is 
the most important fish-salting industry in the United States and the 
methods used are here taken as representative of the industry as a 
whole. The preliminary preparation for salting consists of sorting 
according to size and condition, removal of heads, splitting, and 
removal of part of the backbone, and washing. The method of salt¬ 
ing varies somewhat according to the season but in general it con¬ 
sists of arranging alternate layers of fish and salt either in barrels 
or in piles and allowing the fish to stand until they are "thoroughly 
struck.” 

The fish are then spread on trays called flakes for drying, in the 
open air if weather conditions permit, otherwise in specially con¬ 
structed driers. The drying process is continued until the moisture 
content of the fish is sufficiently low to ensure its keeping qualities; 
the amount of water which may safely be left in the fish is directly 
related to the amount of salt which has been taken up by the fish 
tissues. After the drying process is complete, the fish may be sprinkled 
with dry salt containing 0.4 per cent of boric acid and sold without 
further treatment. The better grades, however, are commonly 
skinned, boned (wholly or partially), cut in strips, and packed in 
wooden boxes or cartons. If the fish is to be kept for extended periods 
it is placed in cold storage, because salting does not completely stop 
enzyme action in the cells. Under proper storage conditions the fish 
will remain wholesome for at least two years. 

One of the chief problems in salting of cod and similar fishes 
has been the prevention of reddening or discoloration caused by 
bacteria, which are contained in the solar sea salts generally used in 
the salting process, and which grow on the walls and floors of most 
fish-salting factories. Reddening can be prevented only by thorough 
disinfection of fish-salting plants and subsequent sterilization by 
heat of solar sea salts or the substitution of mined salts which are free 
from the organisms concerned. 

Cod and other "ground” fish contain so little fat that they may 
be stored successfully in the dry state without marked development 
of rancidity or rusting. In contrast, fatty fish such as herring, salmon, 
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and mackerel must be kept under brine or away from tire air at all 
times during the salting process; they are commonly sold in brine. 
Rusting is apparently accelerated by impurities in salt and by en¬ 
zymes in the blood left in the fish tissues. 

Smoked fish. In the United States, smoking of fish is carried on 
less extensively than salting or canning. Maine leads all other states 
in the production of smoked fish. Salmon, herring, and finnan haddie 
(haddock), are smoked in largest quantities. The smoking process 
consists essentially of exposing previously salted fish to wood smoke 
by suspending them in a smoke-house in which fires are burning 
slowly either in specially built furnaces or on the ground. In hot- 
smoking, the fish are hung close to the fire for a few hours and are 
at least partially cooked while being smoked. In cold-smoking (the 
method probably most widely employed in this country), the fish 
are hung at some distance from the fire and smoked at 80° F. or 
lower for a period varying from a few hours to several weeks accord¬ 
ing to the kind of fish and the product desired. 

According to Tressler, little is known of the changes which take 
place in fish during smoking. The preliminary salting apparently 
serves primarily to inhibit bacterial growth in the fish while it is 
being smoked. In hot-smoking, the texture of the flesh is altered by 
the coagulation of some of the proteins and the autolytic enzymes 
are at least partially destroyed by heat. In cold-smoking, preservation 
is effected in part by the drying of the fish and also by the deposition 
on the surface of the fish of certain organic compounds which are 
present in wood smoke and which have a preservative action. 

The sardine industry. Sardines are preserved by a combination of 
canning and either drying or smoking. The method varies not only 
with the locality but with the kind and size of fish used. In France 
and Portugal the Clupea pilchardus is dried and fried in oil before 
packing in olive oil; in Norway the Clupea sprattus is smoked, then 
packed in olive oil; in Maine the Clupea harengus is lightly salted, 
dried, and packed in olive oil, cottonseed oil, or mustard sauce; in 
California the Sardinia caerulea if small is prepared like the Maine 
sardine, but if large is packed in tomato sauce. In the opinion of the 
Bureau of Fisheries of the United States, the name sardine is equally 
applicable to either of the species just named. Sardines need not 
therefore be labeled to show their origin, but of course must not 
“purport to be a foreign product when not so.” Also, if packed in 
any other than olive oil the fact must be stated. French sardines are 
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usually packed with much care in olive oil and sold at a high price. 
Maine and California sardines are usually handled rapidly in large 
quantities, packed in cottonseed oil and sold at such loiv prices as 
to make them an economical food. Sardines are second in money 
value only to canned salmon among canned fish products of the 
United States. 

SHELLFISH 

The principal shellfish used for food are divisible into two 
classes: (1) mollusks, including oysters, clams, mussels, and scallops; 
(2) crustaceans, including lobsters, crabs, shrimps, and crawfish. 

Of all of these the oyster is by far the most important as a factor 
in the general food supply. 

It is estimated that the oyster crop of the United States repre¬ 
sents about two thirds of the world’s supply. Oysters are produced 
commercially in all the Atlantic and Gulf Coast states except Maine 
and New Hampshire. Production in these regions is limited to Ostrea 
virginica. Oregon, Washington, and California produce both the 
native Olympia (Ostrea lurida) and Ostrea virginica, which has been 
introduced from Eastern waters. The chief oyster-producing states 
are Maryland, Virginia, Mississippi, New Jersey, New York, and 
Louisiana. A considerable proportion of the oyster crop, perhaps one 
fifth, is preserved by canning. The oyster-canning industry grew up 
around Baltimore, but is now carried on to a much larger extent in 
Mississippi and South Carolina, where there are areas well suited to 
oyster culture but not readily accessible to the large markets. At¬ 
lantic and Gulf Coast oysters are grown principally in rivers and 
bays, and in coves along the shore. 

Although still classified with the fisheries, the oyster industry 
may be considered a kind of farming. Submerged lands suitable for 
oyster culture are either owned or rented from the state, and many 
people devote themselves exclusively to the care of these oyster farms, 
which in some cases are natural oyster beds which have been con¬ 
served and in other cases are the result of artificial planting. The 
rate of growth of the oyster is dependent upon its environment, but 
in general it is expected that the oysters will be marketed when 
from three to five years old. 

Sanitary control of oysters. The feeding habits of oysters, clams, 
and mussels make it probable that they will contain considerable 
numbers of bacteria of the types characteristic of the waters in which 
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they are grown or stored. Hence when these shellfish are taken from 
(or have been kept in) sewage-polluted waters, they may easily con¬ 
tain bacteria of the intestinal types and thus may become carriers 
of typhoid fever as well as less serious intestinal disorders. The spe¬ 
cific organism of typhoid fever has not been isolated from oysters 
but epidemiological evidence seems to have established without 
doubt that oysters were the carriers of infection in some outbreaks 
of the disease. This was first clearly demonstrated by Conn, in the 
investigation of an epidemic of typhoid among the students of 
Wesleyan University in 1894. The epidemic was confined to members 
of the various college fraternities which had held banquets in their 
several houses, but all on the same evening. Each of these banquets 
had included raw oysters and all the oysters came from one dealer 
and had been “floated” or “fattened” at the mouth of a stream. 
This stream was found to be highly polluted, and further investiga¬ 
tion showed that in one house near by there were two cases of ty¬ 
phoid, the discharges of which passed through the house drain into 
the stream without disinfection. There was left no room for doubt 


that the typhoid bacteria passed from the patients in the house near 
the stream to the oysters and so to the students at the banquet. 

As Prescott and Winslow have pointed out: * “It should be noted 
that it is unfortunately not only raw shellfish which are responsible 
for the spread of disease. Most of the processes of cooking to which 
these foods are subjected are insufficient to destroy pathogenic 
germs.” These authors quote results showing that, with steamed 
clams, the bacteria present could not be destroyed except by a 
temperature high enough and prolonged enough to “ruin” the clams 
for eating and that oyster stew, fried oysters, and fancy roast oysters 
may still contain active bacteria of the types indicative of sewage 
pollution. Clams in chowder, on the other hand, were found to be 
practically sterilized, under the conditions of their study. 

Hunter and Harrison f reviewed studies on the effect of cooking 
on the bacterial content of oysters and concluded: “From the in¬ 
formation at hand it is apparent that no reliance can be placed 
upon the ordinary cooking processes to sterilize oysters and render 
those which might possibly contain pathogenic bacteria safe for 


consumption.” 


• Elements of Water Bacteriology (4th Ed.), p. 161. 

f Bacteriology and Chemistry of Oysters. United States Department of Agricul¬ 
ture Technical Bulletin No 64 (1928). 
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Federal, State, and municipal health authorities have worked with 
representatives of the industry to correct insanitary practices in 
growing and marketing oysters. The practice of growing and floating 
oysters in polluted waters was generally discontinued with the result 
that from 1916 to 1924 no outbreaks of typhoid or other intestinal 
disorders were traced to infected oysters. In the winter of 1924-5, 
however, serious epidemics of typhoid fever presumably caused by 
oysters occurred in New York, Chicago, Washington, and ten other 
cities. Investigation of these outbreaks revealed that certain practices 
in producing and marketing oysters still needed improvement. At a 
joint conference of public health officials and oystermen in Wash¬ 
ington in 1925, additional measures were accordingly taken to safe¬ 
guard the oyster supply. The following outline of the practices 
recommended by the Federal authorities is based upon the technical 
bulletin by Hunter and Harrison already cited. 

(1) Restriction of oyster-producing areas. On the basis of sanitary 
surveys, public health officials of oyster-growing states in cooperation 
with the Federal authorities have closed certain designated areas to 
the production of shellfish. In some states no oysters from polluted 
areas may be removed for food purposes. In at least one state, some 
areas may be used only during the winter months when oysters enter 
a state of hibernation. During this period oysters in cold Northern 
waters cease to feed and their bacterial content is reduced almost to 
zero. Public health authorities are not agreed as to whether or not 
it is justifiable to relax restrictions against polluted areas during the 
period of hibernation. Until there is general agreement as to their 
freedom from harmful bacteria, it seems wiser “to prohibit the use 
of oysters from areas at any time of the year unless those areas are 
fit for production during all times of the year.” 

(2) Purification of oysters. Oysters which have been transplanted 
from polluted beds to sea-water free from intestinal bacteria elimi¬ 
nate the microorganisms already present in 24 hours or longer. If 
the process is rigidly controlled, this ability of oysters to cleanse 
themselves makes possible the utilization of shellfish which would 
otherwise be unfit for food. When natural clean waters are not easily 
available, chlorination has been found an efficient and practical 
method of cleansing oysters in the shell with no change in their ap¬ 
pearance or flavor. 

(3) Shucking-house sanitation. When shellfish are carelessly 
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opened and handled, they may receive additional contamination in 
the process. Stiles, in 1911, found enormously greater numbers of 
bacteria in the shucked than in the corresponding shell oysters. In 
order to ensure shucked oysters of good quality, the houses should 
be kept scrupulously clean, routine sterilization of utensils should 
be provided for, the physical health of the workers ensured by exami¬ 
nation, and their personal cleanliness insisted upon. Oysters with 
muddy shells should be cleaned before shucking. 

(4) Care during shipping and marketing. Oysters tend to decom¬ 
pose readily, and therefore require careful handling at low tempera¬ 
tures. 

VARIATIONS IN THE COMPOSITION OF FISH AND SHELLFISH 

Fish may vary widely in composition, and analyses of a few 
samples may not be typical. Individual differences, the locality where 
the fish are caught, the time of year, and proximity to time of 
spawning all affect the composition. In order to study seasonal varia¬ 
tions in composition, Clark and Almy (1918) made a series of analy¬ 
ses of fish obtained from Philadelphia fish dealers, and Dill (1921) 
carried out similar analyses with Pacific coast fish. Clark and Alim 
emphasized the variations of fat content of fish with season of the 
year as found in their analyses, which show a considerably increased 
fat content in the summer and autumn. Dill, on the other hand, 
found that, with some exceptions, the mackerel and mackerel-like 
fishes have an increasing fat content through the summer and early 
fall; but that in general the variations in composition of fishes “are 
frequently erratic and cannot be ascribed to known factors.” 

In the case of the shad, which spawn in the spring, analyses have 
shown the percentage of fat decreasing from 13.93 per cent on April 
19 to 2.95 per cent on June 19. Here the variation is caused not by 
the season as such but by the approaching maturity of the fish. Much 
of the fat of the fish is transferred from the flesh to the roe. 

Composition of canned fish. The composition of canned fish as 
contrasted with the same variety in the fresh state is determined by 
the method of preparation. Fish which is packed into the can raw 
undergoes shrinkage and loss of water so that it resembles cooked 
fresh fish in composition unless all of the liquids in the can are 
served with the fish. As salt is always added in canning, the per¬ 
centage of ash in analyses is increased unless the added salt has been 
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determined separately. The composition of fish which is pre-cooked 
or dried before canning, or which is packed in a sauce is modified 
accordingly. 

The cooking of canned salmon so softens its bones that these may 
readily be eaten along with the flesh of the fish. To the extent that 
this is done, canned salmon becomes a significant dietary source of 
calcium. The practice of eating these bones is, therefore, distinctly 
worthy of encouragement. 

Composition of salted and smoked fish. The loss of water which 
takes place in salting and smoking results in increasing the propor- 
tion of the foodstuffs which make up the total solids. Most forms of 
salt and smoked fish are concentrated sources of protein and those 
varieties which are comparatively high in fat become likewise con¬ 
centrated sources of fat on drying. The ash content is increased not 
only by the removal of water but also by the addition of sodium 
chloride in the process of preservation. 

Composition of shellfish. Shellfish differ from other forms of sea 
food in composition principally in that they contain an appreciable 
percentage of carbohydrate in the form of glycogen. Glycogen stor¬ 
age seems to take place primarily in the powerful muscles which hold 
together the parts of the shell. That shellfish are also of relatively 
good calcium content is doubtless due to the fact that their structure 
tends to keep their muscles saturated with the calcium salts of their 
shells. 

The Food and Drug Administration, Federal Security Agency, 
has issued official Standards of Fill of Container for Canned Oysters. 
Mimeographed reprints of these standards together with explanatory 
“Findings of fact,” as originally published in Federal Register, 
November 25, 1944, are obtainable from the Food and Drug Ad¬ 
ministration. It promulgates the regulation that in canned oysters 
the weight of drained oysters shall be not less than 68 per cent of 
the water capacity of the container. If this standard is not met, the 
label of the container must bear a general statement of substandard 
fill, and also an explicit declaration of the extent of the shortage. 

The digestibility of poultry and fish has been studied quantita¬ 
tively by Milner and by Holmes in experiments in which the total 
percentages of net absorption from the digestive tract (coefficients 
of digestibility) were determined for protein and fat with the re¬ 
sults shown in Table 16. 
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TABLE 16. DIGESTIBILITY OF POULTRY AND FISH 
(Milner and Holmes) 


SOURCE OF PROTEIN 

AND FAT 

EXPERIMENTER 

PROTEIN 

DIGESTED 

FAT 

DIGESTED 

Chicken 

Milner 

per cent 
96.7 

per cent 
97.1 

Duck 

Milner 

94.6 

97.3 

Codfish 

Milner 

95.9 

97.4 

Salmon 

Milner 

96.2 

97.0 

Salmon 

Holmes 

93.2 

93.7 

Mackerel 

Holmes 

93.1 

95.2 

Butterfish 

Holmes 

91.9 

86.4 

Grayfish 

Holmes 

92.8 

94.3 


The digestibility as thus determined is seen to be approximately 
equal to that of meats and appreciably higher than that of average 
mixed diet. 

While these coefficients represent digestibility in the only sense 
in which it has been measured quantitatively, it is well known that 
the term digestibility is also used to indicate the relative ease and 
comfort with which foods are digested and the readiness with which 
gastric digestion is completed as evidenced by the time elapsing be¬ 
tween the eating of the food and its entire passage from the stomach 
into the intestine. In these respects oysters, lean fish, and chicken are 
held to be even more digestible than lean beef, while fat fish, duck, 
goose, lobsters, and crabs are generally held to be of about the same 
order of digestibility with ham and pork. 

In studies of the nutritive values of fish, Drummond has found 
that fish proteins are as efficient as meat proteins for the support of 
growth. McCollum also finds fish protein to be of high nutritive 
value. 

Mineral elements in fish and shellfish. The edible portion of fish 
contains from one to one and one half per cent of ash constituents 
or slightly more than the muscle tissue of meat. Shellfish contain 
nearly twice as much total ash as other varieties of fish. Oysters have 
been found a rich source of iron and copper, ranking second only 
to liver in copper among the foods analyzed by Peterson.* Oysters 
have also been found to contain very variable but relatively abun¬ 
dant amounts of zinc. To a much larger extent than in the higher 
animals, the mineral content of the oyster varies with that of its 
environment. 

•/. Biol. Chem. vol. 82. pp. 465-71 (1929). 
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Marine fish and shellfish contain a higher percentage of iodine 
than common foods; fresh-water fish as a class are much less rich in 
iodine than salt-water fish. Tressler and Wells * list sea foods in the 
following order from highest to lowest as sources of iodine: (1) ma- 
rinc algae; (2) oysters, clams, and lobsters; (3) shrimps; (4) crabs and 
ocean fishes. 

Although salmon is less rich in iodine than some other sea foods, 
the large amounts in which it is consumed may make it a factor of 
some importance in prevention of goiter. In a study of the incidence 
of endemic goiter in the Pemberton Valley of British Columbia, 
Keith f observed that every white child born in the valley had goiter 
and many white adults developed it; in contrast, Indians and pigs, 
whose diets contained much larger amounts of salmon, were free 
from the disease. 

Fish and shellfish resemble meat and poultry in containing a pre¬ 
ponderance of the acid-forming elements. 

J’itarnin A is present in the flesh of some lean fish but a far 
greater store of the vitamin is concentrated in the liver from which 
it may be extracted with the oil. As might be expected, fat fish con¬ 
tains more vitamin A than lean fish; canned salmon, which has been 
studied more thoroughly than most fish in this class, has been found 
a fairly good source of vitamin A. Among the shellfish, oysters have 
been studied and found to provide fairly liberal amounts of vitamin 
A. 

Thiamine is present in fish but, among the fishery products 
studied so far, only oysters have been shown a relatively rich source 
of this vitamin. 

Riboflavin has not yet been studied extensively in fish products, 
but Pease (1932) reported that oysters are a good source. 

Goldberger and his coworkers found salmon effective in the pre¬ 
vention of human pellagra. 

Vitamin C has not been found in fish in significant concentra¬ 
tions, although oysters have been reported to contain a measurable 
amount. 

Vitamin D has been found in appreciable amounts in oysters 
and in liberal amounts in canned salmon. On the basis of their study 
ol salmon oil and canned salmon as sources of vitamins A and D, 

* Report, United States Commission of Fisheries, 1924, pp. 1-12 (1925). 

•f Canadian Med . Assoc. J., vol. 14, pp. 281—9 (1924). 
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Tolle and Nelson * stated that there is more vitamin I) in the 
300,000,000 pounds of canned salmon produced annually in this 
country than in the cod-liver oil used (in 1930) for both human and 
animal feeding. 

Fish-liver oils and fish oils. Hitherto in this country, the fish- 
liver oils have been commonly considered as medicines rather than 
food. But cod-liver oil has been a staple article of food in some fishing 
communities; moreover its clinical value seems to lie in its contribu¬ 
tion of two dietary essentials, vitamin A and vitamin D. For these 
reasons, there is justification in thinking of these fish-liver oils as 
vitamin-rich foods. Earlier investigations of vitamins in fish oils 
were largely confined to cod-liver oil, which has been established as 
an outstanding source of both vitamins A and D. 

More recent researches have shown that halibut-liver oil when 
extracted with equal care is much richer in both vitamin A and D 
than cod-liver oil; and halibut-liver oil in turn is exceeded by per- 
comorph oil. Although the fish-liver oils are somewhat variable in 
both vitamin A and vitamin D, they far out-rank other foods in their 
richness in these vitamins. For further discussion of the vitamin A 
and D content of fish-liver oils, the reader may consult the references 
at the end of this chapter. The body oils of canned salmon have been 
shown by Tolle and Nelson (1931) to be a good though variable 
source of vitamins A and D. Eliot and coworkers (1932) have carried 
out both clinical studies and laboratory feeding tests, using oils from 
three commercially important species of salmon: Chinook or king, 
sockeye or red, and humpback or pink. The results of feeding the 
oils to children with active rickets were very favorable. 

PLACE OF POULTRY, FISH, AND SHELLFISH IN THE DIET 

From most standpoints, poultry, fish and shellfish may be re¬ 
garded as interchangeable with the ordinary meats. As in the case 
of meats, their chief nutritional significance is as sources of protein. 
Furthermore, poultry, game, fish, and shellfish tend to show about 
the same mineral (chiefly calcium) deficiencies as do the meats and 
grains. There are, however, indications that some fat fish (such as 
the salmon mentioned above) have a better vitamin A content than 
ordinary meats, and that oysters may prove to be roughly comparable 
to the glandular organs as sources of vitamins. 


• Ind. Eng. Chem., vol. 23. pp. 106G-9 (1931). 
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The fishery industries are capable of great development both by 
improved methods of handling the species now regarded as im¬ 
portant and by utilizing as food the flesh of species which in the past 
have been neglected. The possibility of extending consumption of 
fish to less well-known varieties has been studied by the United 
States Bureau of Fisheries which has reported favorably on many 
previously neglected fish, some of which have subsequently become 
factors in our food supply. It is said that a few years ago sturgeon 
was so little prized as lood that much of it was used as fertilizer, 
while now smoked sturgeon is in good demand; and that still more 
recently the garfish, formerly regarded merely as a pest, has begun 
to find a market as human food. 

It is probable that in a long view we may anticipate an increasing 
tendency toward better conservation and more economical utiliza¬ 
tion of the fishery products as food, and perhaps an increasing appre¬ 
ciation of the resulting further diversification of the national dietary. 
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CHAPTER VIII. GRAIN PRODUCTS 


GENERAL CONSIDERATIONS 

In nearly every part of the world some form of breadstuff, or 
other food made from grain, is found to be the largest single item, 
not as to cost, but as source of energy, in the food supply—in this 
sense the stall of life. This is because grain crops are easily grown 
and, once the seeds arc fully matured, they are easily stored and can 
be kept a long time with little danger of loss from spoilage and only 
an exceedingly slow decline in nutritive value. Also, by processes 
which need not be elaborate or expensive the grains can be brought 
into the form of convenient, palatable, wholesome, and economical 
food. 

According to the estimates of Alsberg and of Cooper and Spill¬ 
man an average day’s labor of a farmer devoted to wheat growing by 
American methods produces enough protein and calories of human 
food to maintain a man for a year. 

Osborne and Mendel quote from Hopkins: “Circumstances have 
to be very exceptional indeed when the growing of cereals does not 
yield an energy supply for the worker at less cost and with less rela¬ 
tive effort than any other method of food production. Economic 
and social factors usually tend to make bread by far the most con¬ 
venient form in which the cereals can reach the individual consumer. 
The nations of the West have acquired the habit of demanding a 
well-piled loaf, and for this the special properties of wheat gluten 
seem necessary. Hence the reliance on wheat in the West.” 

If, however, we consider the world as a whole, rice surpasses 
wheat in popularity and in the contribution which it makes to the 
feeding of our species. It is estimated that for half of the world’s 
people rice is the main article of food. In tropical Oriental countries 
it often takes as large a place in the dietary as is occupied in the 
temperate zone of the Western world by wheat, rye, barley, and 
potatoes combined. From the standpoint of world production and 
consumption, therefore, rice unquestionably takes the first place 
among the grains. 
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RICE 

Rice owes its place as the most used human food to the fact that 
it enters so largely into the dietary of the people of India, China, 
Japan, and other Oriental countries, as well as several regions in 
the Western world. 

In the United States rice plays the part only of a minor cereal, 
but its cultivation has increased during the present century, espe¬ 
cially in Louisiana, Texas, Arkansas, and California. Small areas 
are still devoted to rice culture in the South Atlantic states. 

Consumption of rice in this country averages only about 5 to 6 
pounds per person per year. 

Rice is consumed in the United States either as (1) cured or broum 
rice, or (2) polished or white rice, from which both the husk and 
branny layers have been removed. Coated rice is polished rice which 
has been treated with a mixture of glucose and talc to improve its 
appearance. 

The accompanying comparative analyses (Table 17) of rice are 
from Bulletin 13, Bureau of Chemistry, United States Department 
of Agriculture, except the figures for phosphorus, which have been 
added by the author. 

It will be seen that the polishing of the rice kernel removes only 
about one eighth of its weight but more than half of its ash constitu¬ 
ents. The ash in both cases is composed chiefly of phosphates. 


TABLE 17. ANALYSES OF RICE 




UNHULLED 

CURED 

FOLISHED 



RICE 

RICE 

RICE 

Weight of 100 kernels 

grams 

2.929 

2.466 

2.132 

Moisture 

per cent 

10.28 

11.88 

12.34 

Protein 

per cent 

7.95 

8.02 

7.18 

Fat 

per cent 

1.65 

1.96 

0.26 

Fiber 

per cent 

10.42 

0.93 

0.40 

Cabohydrates other than fiber 

per cent 

65.60 

76.05 

79.36 

Ash 

per cent 

4.09 

1.15 

0.46 

Phosphorus 

per cent 

• • • • 

0.29 

0.09 


It has been known for some time, especially in Japan and the 
Philippines, that a diet consisting chiefly of polished rice is likely 
to result in the disease beriberi. The frequency with which beriberi 
follows a diet consisting mainly of highly polished rice, and the 
certainty with which it can be prevented by simply substituting 
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unpolished rice, shows plainly that the removal of the outer portions 
of the rice kernel, as in the usual polishing (milling) process, results 
in a deficiency of some substance or substances which occur in that 
part of the grain, and which arc important for the maintenance of 
health. Beriberi is therefore considered typical of the deficiency 
diseases. Experiments have shown that the deficiency of the polished 
rice is due particularly to the removal of thiamine. In rice there is 
a high concentration of this vitamin in the embryo, a lower concen¬ 
tration in the bran, and hardly any in the pure endosperm. The 
ordinary milling of rice is likely to lower greatly its thiamine value 
but rice which is not too highly milled still has some thiamine, and 
even pure white polished rice can be “converted” to carry a signifi¬ 
cant vitamin content by special processes which are still (1947) in 
course of development (kik and Williams, 1945). 

Partly as a result of the interest aroused by the rather striking 
demonstration in the Philippines of the impoverishment of rice by 
the complete removal of the outer layers to make a white product, 
cured or brown rice has been introduced into the grocery trade but 
its use has not become very prevalent. 

WHEAT 

The oldest historic statements presumably referring to wheat 
do not distinguish clearly between it and some related grain or 
grains. In this sense, the early history of wheat is obscure; but it has 
doubtless served as human food throughout the entire histories of 
some of the oldest countries. Egypt is a noteworthy example. There 
the annual inundations of the Nile not only tended to restore the 
soil; but also to make conditions favorable for wheat by drowning- 
out competing grasses. 

Doubtless loo, the “wheaten loaves” to which Plato gave promi¬ 
nence in proposing the food supply of his Republic were even at 
that time an age-old staple of the Greek dietary. 

In English history and literature “corn” has stood for bread 
grain which while not exclusively wheat was predominantly and 
ideally so. “The golden grain” was wheat; and “poppies in the corn 
undoubtedly refers to wheat fields, just as it was wheat with which 
the English “corn laws” were primarily concerned. 

Wheat is the typical bread-making grain and the one most used 
for human food in the United States, in English-speaking countries 
generally, and in probably the greater part of Europe as well as the 
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no: them part of China. In the United States, wheat flour is estimated 
to furnish more than one-fourth of the total calorics of the diet and 
more than any other single food. Consumption of wheat flour per 
capita, however, declined more than 30 per cent in fifty years, doubt¬ 
less for a combination of reasons, some of which arc considered below. 
The different cultivated varieties of wheat all belong to the same 
genus (Triticum), but not all to one species. The wheat most com¬ 
monly grow-n in America is Triticum vulgare, and probably the next 
most important from our standpoint is Triticum durum, which is 
valuable because of its ability to resist drouth and also because of 
yielding a flour suited to the manufacture of macaroni. 

Federal standards for wheat include the following classifications: 
(1) hard red spring wheat, (2) hard red winter wheat, (3) soft red 
winter wheat, (4) white wheat, (5) durum wheat. Minnesota and 
North Dakota furnish nearly all of the domestic production of hard 
red spring wheat. Kansas leads in the production of hard red winter 
wheat. Soft wheat is grown over a wide area. There are many varie¬ 
ties within individual classes of wheat, and the composition and 
properties vary with variety and environment. Soft wheats are some¬ 
what more starchy; hard wheats are slightly richer in protein. In 
general a rather hard wheat of more than average protein content 
is preferred for the manufacture of bread flour, but the wheats with 
most protein do not necessarily make the best flour, since the bread¬ 
making quality depends upon the nature and quantitative relation¬ 
ship of the proteins and not simply on the amount present. 

In bulk and in money value of crop, wheat ranks second to corn 
in production in the United States, but in quantity sold from the 
farms and sent into commerce it ranks first among our grains. 

The structure of the wheat kernel is doubtless already familiar to 
most readers of this book. We shall therefore not repeat the descrip¬ 
tion here, and it must be understood that this paragraph is not in¬ 
tended as an adequate description but only as a reminder of a few 
of the points which are to be kept in mind when considering the 
production and composition of the mill products. It should also be 
clearly understood that Fig. 13 representing some features in the 
structure of the wheat kernel, is only a diagram to illustrate these 
few points and is not intended as a complete picture. The bran, 
which is actually composed of several layers, is shown at a. The 
square cells of the aleuronc layer are shown at b, while c represents 
the endosperm made up chiefly of socalled starch cells which, how- 
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Fig. 13. Diagram of grain of wheat, longitudinal and transverse sections, (a), 
bran; (b), aleurone layer; (c). starch cells of endosperm; (d), germ. 


ever, always contain protein as well as starch. The germ or embryo, 
d, is shown at one end of the longitudinal section, but does not 
appear in the transverse section, since the germ does not extend to 
the middle of the kernel. The deep crease extending from end to 
end of the wheat kernel increases the surface considerably so that the 
percentage of bran and of aleurone layer is larger than would other¬ 
wise be the case. It is estimated that the bran proper (including epi¬ 
dermis, epicarp, endocarp, and testa) constitutes about 5 per cent, 
the aleurone layer about 8 per cent, the germ with its membrane and 
adjacent zone about 5 per cent,* and the endosperm about 82 per 
cent, of the entire grain. The bran obtained in milling may contain 
not only the bran proper, but also the germ and more or less of the 
aleurone layer, depending upon the processes employed. The flour 
obtained in ordinary milling contains more or less of the aleurone 
layer, which is rich in protein and in phosphorus compounds, and 
most of the starch cells of the original kernel. From the relative 
proportions in which these exist in the grain it is evident that much 
the larger part of ordinary white flour must consist of these starch 

* The actual embryo in a strictly botanical sense is stated by Bailey to be only 
2 to 3 per cent of the weight of the entire wheat kernel. If so counted, the 
endosperm becomes about 84 to 85 per cent of the total weight. 
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cells, and their general nature should therefore be kept in mind. 
Each cell contains hundreds of starch granules of various si/es em¬ 
bedded in a network of protoplasmic material composed essentially 
of protein matter, in this case chiefly gliadin and glutenin, the pro¬ 
teins which together form the characteristic gluten of wheat flour. 
Even the whitest and most starchy part of the wheat kernel contains 
a significant amount of protein. 

The granules of wheat starch vary greatly in si/e—in fact, this is 
one of the properties by which wheat flour is identified under the 
microscope. That the average size is quite small may be appreciated 
from the fact that a kernel of wheat weighing less than 0.0-1 gram 
is estimated to contain from 10,000,000 to 20,000,000 starch granules. 

The wheat proteins have been extensively investigated, especially 
by Osborne (1907). Gliadin and glutenin together form wheat gluten 
and constitute about nine tenths of the protein matter of the grain. 
In the whole kernel, these two proteins are present in about equal 
proportions, but in wheat flour there is more gliadin than glutenin. 
Gliadin is the best-known of the alcohol-soluble proteins, and glu¬ 
tenin of the glutclins. In a general way it may be said that gliadin 
gives tenacity and elasticity to the gluten, while glutenin gives it 
strength, and that the two proteins must be present in proper pro¬ 
portions if the gluten is to have the properties desired in bread¬ 
making. In addition to the two principal proteins, Osborne found 
in wheat: an albumin, leucosin; a globulin, edestin; and a proteose. 

FLOUR AND BREAD 

The making of Pour has gradually developed from crushing the 
grain by hand between two stones to the highly elaborate mechani¬ 
cal processes now in use in the large milling centers where a single 
mill often requires acres of floor space and an enormous investment 
in machinery. 

For a long period wheat was ground between millstones and the 
product sifted. The coarser material was sold as bran, the while 
material which passed the finer bolting cloth was Pour, and the 
material of intermediate size and color containing many small par¬ 
ticles of bran was called middlings. 

That process has now been almost entirely replaced by the roller 
process, in which the wheat instead of being ground between stones 
is crushed and rubbed between steel rolls. This process gives a more 
complete separation of the starchy endosperm from the bran and so 
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\ields a somewhat larger proportion of white flour than did the 
older process. In the roller process as now commonly carried out, 
about 72 per cent of the weight of cleaned wheat is obtained as 
white flour and the remainder is sold chiefly for stockfeeding under 
such names as wheat offals, bran, and shorts. Under this process the 
term ini (Idlings is applied to the material yielded by that part of the 
endosperm which is relatively rich in protein and therefore not so 
quickly nor so finely pulverized as the more starchy portion, but 
which is only yellowish, not brown in color, and quite distinct from 
the bran. Thus middlings, as the term is now used, is considered by 
the miller a desirable constituent of flour, since it does not materially 
affect the color and, on account of its high gluten content, it en¬ 
hances the bread-making quality. 

It seems unnecessary to take space here for more than a brief 
outline of the roller process, especially since detailed and illustrated 
descriptions are so readily obtainable from some of the large millers. 

Wheat which has been screened and cleaned is first passed be¬ 
tween a pair of corrugated rollers, known as the first break, where 
the kernel is flattened and somewhat crushed and a small amount 
of flour known as the break or first break flour is separated by means 
of sieves while the main portion is conveyed to the second break 
where the kernels are more completely flattened and granular flour 
particles are partially separated from the bran. The material passes 
over several pairs of rolls or breaks, each succeeding pair being set 
a little nearer together. This is called the gradual reduction process, 
and effects a more complete separation of the flour and bran than 
was possible in the older processes in which the wheat was ground 
fine in one operation. The effect of passing through these rollers is 
to pulverize the inner floury part of the wheat grain, to flatten the 
bran (and germ), and to break up the intermediate portion into 
middlings. The flour is obtained by sifting, the bran and dust are 
separated from the middlings by means of coarser sieves, aspirators, 
and other devices, and the purified middlings are then passed be¬ 
tween smooth rolls, where they are reduced to the desired degree of 
fineness. 

The best grades of patent flour are not made entirely smooth and 
homogeneous, but are rather made to have a characteristic feel, 
which is due to the granulated middlings which these flours contain. 
A flour which has no granular feeling is not usually considered of 
the highest grade, but is generally rated as a soft wheat flour of 
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poorer gluten. On the other hand, the (lour should not be too 
coarsely granulated, and the miller in order to obtain the desired 
product must be careful in blending the powdered flour obtained 
from earlier breaks with the granular Hour obtained from the 
middlings. 

The flour from the middlings finally passes through silk bolting 
cloths of 100 mesh or finer, the dust anil particles ol debris having 
been removed at various points in the milling process. 

In a typical large mill at least 5 streams of flour are obtained 
from bolting the product of each break and 8 streams from bolting 
the purified middlings. By blending some or all of these streams in 
varying proportions, many different grades of commercial flour aie 
(or may be) obtained. The flour from the last reduction (2 to 8 per 
cent of the total) is generally set aside as low grade. If all of the re¬ 
maining streams are blended the product is known as straight flour. 

True patent flour or short patent flour is the product obtained by 
blending the streams from the bolting of purified middlings. Long 
patent flour consists of a mixture of short patent flour and the best 
of the break flours. Flour streams which do not meet the standards 
for patent flour and which are too good for low grade flour aie 
blended to form one or more clear grades. About 72 per cent of the 
clean wheat is recovered in the higher grades of flour and about 2 or 
3 per cent as merchantable white flour of lower grade. The higher 
grades are characterized by a lighter color, more elastic gluten, bettei 
granulation, and a smaller number of debris particles. I he low 
grade flours contain a somewhat higher percentage of protein but 
are not as valuable for bread-making purposes because the gluten is 
less elastic. 

The terms whole-wheat, entire-wheat, and graham as applied to 
flour are not rigidly standardized. They refer both to the product 
made by grinding the wheat berry without the removal or addition 
of any ingredient and to a coarse flour from which a part of the bran 
has been removed or to which bran has been added. 

The composition of the mill products of wheat may vary both 
with the wheat and with the details of the process. The analyses 
shown in Table 18 are for products all milled by the modern roller 
process from the same lot of Minnesota hard spring wheat and arc 
strictly comparable with each other. The differences of composition 
are therefore properly attributable to the separations effected by the 
milling process alone. 
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TABLE 18. ANALYSES OF WHEAT AND THE PRODUCTS OF 
ROLLER MILLING <U. S. DEPARTMENT OF AGRICULTURE) 



WA II R 

PROTEIN 

I AT 

CARBO¬ 

ASH 

MILLING PRODUCT 


(Nx5.7) 


HYDRATES 


First patent flour 

per cent 

per cent 

per cent 

per cent 

per cent 

10.55 

11.08 

1.15 

76.85 

0.37 

Second patent flour 

10.19 

11.14 

1.20 

76.75 

0.42 

First clear-grade flour 

10.13 

13.74 

2.20 

73.13 

0.80 

Straight or standard-patent 






flour 

10.54 

11.99 

1.61 

75.36 

0.50 

Second clear-grade flour 

10.08 

15.03 

3.77 

69.37 

1.75 

•'Red dog" flour 

9.17 

18.98 

7.00 

61.37 

3.48 

Shorts 

8.73 

14.87 

6.37 

65.47 

4.56 

Bran 

9.99 

14.02 

4.39 

65.54 

6.06 

Entire-wheat flour 

10.81 

12.26 

2.24 

73.67 

1.02 

Graham flour 

8.61 

12.65 

2.44 

74.58 

1.72 

Wheat ground in laboratory 

8.50 

12.65 

2.36 

74.69 

1.80 

Germ 

8.73 

27.24 

11.23 

48.09 

4.71 


These analyses show a gradual increase in the protein content • 
from first patent to red dog flour, but the red dog flour, while con¬ 
taining the most protein, is the poorest grade of flour from the 
standpoint of the baker, and in the milling of wheat it often is 
allowed to remain with offals and sold for cattle food. It will also be 
seen that the percentage of ash is lowest in those flours which are 
commercially rated as of highest grade and increases as we go down 
the list to the lower commercial grades of flour. Patent flour rarely 
contains more than 0.55 per cent ash and usually contains less than 
0.50 per cent. 

Snyder pointed out, however, that noticeable variations occur in 
the amount of mineral matter or ash in different wheats. It may also 
be mentioned that the ash constituents of wheat are many of them 
of distinct nutritive value, so that it is only from a commercial and 
not from a nutritive standpoint that we would classify a flour as low 
grade because it has a relatively high ash content. 

In an investigation of the mill products of wheat. Teller f de- 

• Note that in the above table the percentage of protein is that of nitrogen 
multiplied by 5.7 because wheat proteins average about 17.55 per cent nitrogen. 
Increasing the protein figures in the above table by one tenth gives essentially 
the results which would be obtained by the use of the more common factor 6.25 
for figuring protein from nitrogen in foods generally. 

f Bulletins 42 and 53, Arkansas Agricultural Experiment Station (Fayetteville, 
Ark.). 
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termincd the amount of cadi of four different forms of nitrogen 
compounds in each of the main mill products, with the results 
shown in Table 19. 

TABLE 19. DISTRIBUTION OF NITROGEN IN MILL PRODUCTS 
OF WHEAT (TELLER) 


DIFFERENT FORMS OF MIRCM-IN IN 




PEROF.N 1 A(.F. 

OF TO 1 \! 


ITRCFNTAGF. OF 

r i | VltlV INI TIfF 




Edestin 


l«l.l .11/1 <1 1 111. 

GI.UTEN 




and 




Gliadin 

Glutenin 

leucosin 

Amid 



nitrogen 

nitrogen 

nitrogen 

nitrogen 


Patent flour 

61.2 

27.7 

6.1 

1.7 

69.9 

Straight flour 

54.0 

37.4 

7.0 

1.6 

59.1 

Low grade flour 

50.5 

37.7 

9.5 

2.3 

57.3 

Ship stulf 

16.2 

36.6 

13.0 

4.2 

55.8 

Bran 

23.5 

50.0 

17.8 

8.5 

31.9 

Sifted dust 

11.8 

61.7 

11.8 

14.7 

16.1 


It will be seen that the higher commercial grades of flour, that is, 
those most prized for bread-making, show the largest proportion of 
gliadin whether this be reckoned in percentage of the gluten or of 
the total proteins present. The quality of making an elastic dough 
capable of large expansion in the bread-making process depends 
in a large measure upon both the amount and the nature of the 
gluten. 

The relation of the composition of flour to its bread-making 
qualities is quite complex, involving as Bailey points out, "not alone 
the percentage of the numerous constituents of flour but the physi¬ 
cal and physicochemical properties of these constituents as well.” 
For discussion of the bread-making qualities of flours the reader is 
referred to the books and papers listed at the end of this chapter. 

The making of bread, long prominent among household pursuits, 
is now also (and more especially) a large commercial industry which 
about 1940-41 began to shift a part of its emphasis from the physical 
to the nutritional characteristics of its products. 

ENRICHED FLOUR AND BREAD 

Enriched flour and bread are practically the customary white 
products with added vitamins and iron. I he vitamins added are thi¬ 
amine, riboflavin, and niacin. These three vitamins and iron are of 
course not the only nutrients in which white flour has been im- 
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poverished in the milling process. Hence, “enrichment” is only a 
partial restoration. 

Vet the great majority of nutritionists favor the enrichment of 
white flour and bread as being an improvement so far as it goes. It 
is characterized by the National Research Council as a public health 
measure analogous to correction of an unsafe water supply, and thus 
as improving the nutritional environment in which our people live, 
diminishing the hazard from some forms of malnutrition as im¬ 
proved sanitation of the water supply diminishes the hazard from 
some forms of infectious disease. The use of enriched bread in such 
amounts as bread is used by the average person should practically 
eliminate danger of thiamine, niacin, or iron deficiency in the 
American dietary; but it only alleviates and does not solve the prob¬ 
lem of making the dietary as rich in riboflavin as is needed for best 
nutritional results. 

I he standards as of 1944—47, “official” for flour and “informal” 
for bread, are shown in Table 20. 


TABLE 20. ENRICHED FLOUR AND BREAD: 1944-1947 

STANDARDS IN MILLIGRAMS 1*FR HOUND 


Thiamine 

Riboflavin 

Niacin 

Iron 



Flour 

Bread 


min. 

max. 

min. 

max. 

2.0 

2.r> 

1.1 

1.8 

1.2 

1.5 

0.7 

1.6 

16.0 

20.0 

10.0 

15.0 

13.0 

16.5 

8.0 

12.5 


It will be noted that there is here a wider range for riboflavin in 
bread than in flour. This is explained by Wilder and Williams (1944) 
in their history of the movement for enriched flour and bread * as 
a practical compromise” to cover both the breads containing only 
the riboflavin of enriched flour and those that also contain significant 
amounts of milk solids. 

Reports available in November 1946 showed 19 of the States to 
have enacted laws calling for enrichment of white flour and bread 
essentially as defined and standardized above. 

The Federal regulation had still the legal status merely of a war 
food order; but it was estimated that about nine tenths of the bakers’ 
bread used in the United States is consumed in the same State in 


* Published as Bulletin 110 of the National Research Council. 2101 Constitu¬ 
tion Avenue, Washington, D. C. 
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which it is made, and therefore is regulated by State rather than 
Federal legislation. 

OTHER FOOD PRODUCTS FROM WHEAT 

Wheat not demanded for bread-making and also varieties of 
wheat or parts of the wheat kernel which cannot be converted into 
flour and bread may still be utilized as food. Middlings, germ, bran, 
and the crushed or flaked whole grain are made into breakfast foods, 
which are discussed later in this chapter. 

The major use for durum wheat is in the making of macaroni 
and the other socalled alimentary pastes. The basis of all of these 
pastes is semolina or the purified middlings of durum wheat. Semo¬ 
lina (alone or mixed with farina and flour) is mixed with water and 
salts, kneaded to a plastic mass, pressed through dies or rolled and 
cut in characteristic shapes, and cured by drying. The resulting 
paste has a lower moisture content than the original semolina. Maca¬ 
roni, spaghetti, and vermicelli differ from each other only in form; 
noodles contain whole egg or egg yolk in proportions regulated by 
food legislation. 

New official definitions and standards of identity for alimentary 
pastes, including macaroni and noodle products and providing 
among others for milk macaroni, whole wheat macaroni, and wheat- 
and-soy macaroni products have been published by the Food 
and Drug Administration in the Federal Register of December 23, 
1944. 

RYE 

Rye is more hardy than wheat and so more readily raised in 
northern Europe, and is there quite as commonly used as a bread¬ 
making material as is wheat. The United States, however, consumes 
less than one fiftieth as much rye as wheat, the average annual con¬ 
sumption of rye flour in this country being less than 3 pounds per 
capita. Much of this has been customarily used in making ‘‘rye” 
bakery products which also contain wheat flour. Hence anyone using 
rye products because of an allergy to wheat, should make sure from 
the label that the material to be so used is guaranteed to be entirely 
free from any wheat product. 

In bread-making qualities rye approaches wheat more nearly 
than does any other grain. 

Osborne investigated the proteins of rye quite thoroughly and 
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reported that they are similar to, but not identical with, those of 
wheat. 

BARLEY 

The cultivated barleys belong to two or three different species 
of the genus Hordeum. The grain is about as large as wheat, one 
hundred kernels weighing about 4 grams. As human food it appears 
in this country chiefly in the form of pearled barley, used mainly in 
soups, and patent barley flour for infant feeding. In making pearled 
barley the germ and most of the bran is removed without grinding 
the remainder of the grain. Patent barley flour is a finely ground 
product representing the grain from which the outer layers have 
been removed more completely than in making pearled barley, 
but perhaps not so completely as in making patent flour from wheat. 
Table 21 shows comparative analyses of barley (the entire kernel), 
pearled barley and patent barley flour. 


TABLE 21. COMPOSITION OF BARLEY AND BARLEY FLOUR 




BARLEY 

PEARLED 

PATENT 



(ENTIRE 

BARLEY 

BARLEY 



CRAIN) 


FLOUR 

Moisture 

per cent 

11.9 

11.1 

10.3 

Protein (Nitrogen x 6.25) 

per cent 

10.5 

8.2 

8.0 

Fat (ether extract) 

per cent 

2.2 

1.0 

1.7 

Carbohydrates (by difference) 

per cent 

72.8 

78.8 

79.35 

Fuel value, Calories per pound 


1610. 

1620. 

1650. 

Weight of 100 Calorie portion 





in grams 


28. 

28. 

28. 

in ounces 


1.0 

1.0 

1.0 

Total ash 

per cent 

2.6 

1.3 

0.65 

Phosphorus 

per cent 

0.40 

0.189 

0.13 

Iron 

per cent 

0.0047 

0.0020 

0.0010 


The student may be interested to notice in what respects the 
mill products differ from the original grain, and compare the corre¬ 
sponding data for other grain products. Notwithstanding the long- 
established use of pearled barley as food, most of the barley crop of 
the United States is fed to farm animals. 

Osborne found in barley an alcohol-soluble protein, different 
from that of wheat or of rye, to which he gave the name hordein. 
The albumin, the globulin, and the proteose extracted from barley 
were described by Osborne as closely similar to the corresponding 
proteins found in wheat and rye. 
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Barley which has begun to sprout (called malted barley or simply 
malt) is rich in an enzyme which digests starch with production of 
maltose. Enzymes which digest starch aie called amylases , commonly 
also diastases. The characteristic enzyme of malted barley is com¬ 
monly called malt diastase. On account of its high "diastatic power,” 
due to abundance of this enzyme, barley malt is largely used in the 
fermentation industries as a means of digesting the starch (of the 
barley itself and often also of other grains) into fermentable sugar. 

OATS 

Oats belong to different species of the genus Avena, the kind 
commonly cultivated being Avena saliva. Oat culture is widely dis¬ 
tributed over Europe and America, and the grain very generally used 
both as human food and for feeding farm animals. The latter use 
still greatly predominates in the United States. In oui oat crop 
about equal to that of wheat, we have an immense potential lood 
resource. 

The husk of the oat adheres closely to the grain and is not usually 
removed before sending the grain to market. '1 he accompanying 
analyses (Table 22) of oats with and without the husks, and of oat¬ 
meal and rolled oats as ordinarily ground are from bulletins of the 
United States Department of Agriculture. 

TABLE 22. ANALYSES OF OATS AND OAT PRODUCTS 
(U. S. DEPARTMENT OF AGRICULTURE) 



OATS, ENTIRE 

KERNEL WITH 

HUSK 

OATS, 

KERNEL 

WITHOUT 

HUSK 

OATMEAL 

ROLLED 

OATS 


per cent 

per cent 

per cent 

per cent 

Moisture 

10.06 

6.93 

7.3 

7.7 

Protein (Nitrogen x 6.25) 

12.15 

14.31 

16.1 

16.7 

Fat 

4.33 

8.14 

7.2 

7.3 

Fiber 

12.07 

1.38 

0.9 

1.3 

Carbohydrates, other 
than fiber 

57.93 

67.09 

67.5 

Q6.2 

Ash 

3.46 

2.15 

1.9 

2.1 


It is evident from these averages that, in general, oatmeal and 
rolled oats have about the same composition and represent nearly 
the whole of the oat kernel. In the making of these products the 
chaffy husk is of course eliminated and with it is usually removed a 
portion of the skin of the kernel, and sometimes the tips of the 
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kernels are also scoured off, but the greater part of the germ and a 
considerable part of the outer layers of the kernel remain in the 
product offered for sale. Oatmeal and rolled oats are therefore rela¬ 
tively rich in fat as well as in protein, and are somewhat more con¬ 
centrated foods, both from the standpoint of energy value and pro¬ 
tein content, than are the other staple grain products. 

The proteins of oats have proven particularly difficult to purify 
and have therefore not yet been studied so thoroughly as have some 
of the other grain proteins. 

maize or Indian corn (Zea Mays) 

Maize or Indian corn (commonly called “corn” in the United 
States, though the word corn in English literature usually refers to 
wheat) is a native American plant and has long been economically 
our most important single crop. A normal crop for the United 
States is estimated by the Department of Agriculture at about 
3,000,000,000 bushels, of which from 85 to 90 per cent is fed (and 
used as seed) on farms, and only 10 to 15 per cent comes to market. 
Of this small fraction marketed, about two thirds becomes human 
food and the remainder industrial products. 

It will be seen that in the corn crop there is an enormous reserve 
supply of material suitable for human food. To any extent that the 
demand for corn meal makes it more profitable for the farmer to 
sell his corn to the miller than to use it in raising and fattening farm 
animals, the supply of corn meal can be increased up to about ten 
times the amount now milled without necessarily increasing the 
amount of land devoted to corn raising. 

At present most of the corn raised in the United States is turned 
into pork, beef, milk (butter), or poultry-and-eggs in fluctuating 
proportions depending upon the consumer demand for these prod¬ 
ucts as reflected in the market prices for them. 

Osborne found that corn contains an albumin, at least three 
globulins, a proteose similar to that in wheat, an alcohol-soluble 
profein (different from those of other grains) to which the name 
zein has been given, and an insoluble glutelin. The zein and glutelin 
are included in the discussion of chemical structure and food value 
of grain proteins beyond. 

A maize kernel of the varieties chiefly cultivated in the United 
States has about ten times the weight of a kernel of wheat. Like the 
latter it has a fibrous outer skin beneath which is a layer rich in 
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protein and phosphorus compounds which is often called the gluten 
layer; within these outer layers lie the germ, constituting about one 
tenth, and the endosperm, which makes up between eight tenths and 
nine tenths of the entire kernel. 

The bran obtained in the ordinary grinding of corn includes 
along with the fibrous hull a considerable proportion of the so-called 
gluten layer. When the corn kernel is soaked to loosen the skin, the 
latter may be removed alone, leaving the starchy and the “gluten- 
ous” parts of the endosperm together. Wagner gave as directly com¬ 
parable analyses of the skin, the germ, and the endosperm as thus 
separated, the data shown in Table 23. 

TABLE 23. COMPOSITION OF CORN KERNEL AND ITS PARTS 
(WAGNER) 


PROPORTION CARBOHYDRATE 

OF THE OTHER THAN 


PART 

WHOI.E 

PROTEIN 

FAT 

FIBER 

FIBER 

ASH 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

Original kernel 

100.0 

12.6 

4.3 

79.4 

2.0 

1.7 

Skin 

5.5 

6.6 

l.G 

74.1 

16.4 

1.3 

Germ 

10.2 

21.7 

29.6 

34.7 

2.9 

11.1 

Endosperm 

84.3 

12.2 

1.5 

85.0 

0.6 

0.7 


The chief differences in composition among the different parts 
of the corn kernel may be summarized as follows: The hulls contain 
much fiber and wood gum (pentosans) and relatively little starch, 
protein, or fat; the endosperm is rich in starch, low in fiber, rela¬ 
tively poor in fat and ash, and has about the same percentage of 
protein as the entire kernel; the germ contains little starch but is 
rich in fat, protein, and ash. The fat is liquid at ordinary tempera¬ 
tures and therefore usually referred to as oil. It is classed as a sc mi- 
drying oil, being intermediate in properties between olive oil and 
linseed oil. The chemical nature and nutritive value of the proteins 
and ash constituents will be discussed along with those ol wheat 
farther on in this chapter. 

The industrial processes of separating and refining the chief com¬ 
ponents of corn will now be described in brief outline. 

MANUFACTURE OF CORN PRODUCTS 

Corn meal is prepared either by grinding the entire kernel and 
sifting out only the larger particles of bran (old process) or by grind¬ 
ing the endosperm after the germ and most of the bran have been 
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removed (new process). The meal may also be bolted through fine- 
meshed screens to make corn flour, which was used extensively dur¬ 
ing each World War in combination with and partly in place of 
wheat flour. 

According to estimates of the Bureau of Foreign and Domestic 
Commerce and the Food Research Institute of Stanford University, 
the annual per capita consumption of corn meal in 1927 was 22.3 
pounds, or less than one-fifth the amount consumed in 1889. Among 
the many factors responsible for this decline, the Institute gives 
prominent place to the industrialization of the South, where corn 
meal was once the principal article of diet of a large part of the 
population. It remains to be seen whether this relative neglect of 
corn as human food will be permanent. 

Hominy and grits. The endosperm of the corn kernel consists of 
two distinct portions: (1) the “horny” or translucent part in which 
gluten and starch are mixed and (2) the "white starchy” part. When 
whole corn is softened by steaming, the hulls removed, and the germ 
loosened in a hulling machine, there is left the horny, starchy part 
of the kernel in coarse fragments. This product is known as hominy 
or samp. Hominy is ground to varying degrees of fineness to form 
grits. Both hominy and grits are consumed chiefly in the Southern 
states. 

Corn products industry. The preparation of "corn products,” as 
this term is used industrially, involves a separation of the kernel into 
its principal parts: hulls, germ, and endosperm. 

The corn is first cleaned and sent to steeping tanks, where it is 
soaked (steeped) for about 2 days in warm water to which has been 
added a small amount of sulfurous acid to prevent putrefaction and 
assist in the loosening of the hull. 

This steeping causes the corn to swell, and brings about a soften¬ 
ing of the endosperm which facilitates the subsequent separation 
of the germ. The steeped grain is then coarsely ground in mills so 
arranged as to disintegrate the kernel without breaking the germ. 

The ground mass is then run into the separators, which are long 
tanks or vats containing a mixture of starch and water of a density 
of 8° Baume (1.06 specific gravity). The germs, on account of the 
oil which they contain, float on this liquid, while the hulls and starch 
granules tend to settle to the bottom. The separation is a continuous 
process, the ground mass being introduced at one end of the tank 
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while at the other end the germs float off at the top and the other 
constituents are drawn off from the bottom. 

Corn oil. The source of corn oil is the germs which arc repeatedly 
washed with water to remove any adhering starch, then diied and 
crushed in oil expellers under heavy pressure, which separates the 
oil from the germ meal. The crude oil thus obtained is refined by 
(1) neutralization, (2) bleaching, (3) wintering to remove fractions 
of high melting point, (4) deodorization. Refined corn oil has a pale 
straw color and a slightly characteristic taste. 

Corn starch. The coarsely ground mass which is drawn off from 
the bottoms of the separator tanks as described above, and which 
represents all of the corn except the germ and the water-soluble sub¬ 
stances, is reground and the semi-liquid mass passed over shakers. 
These are mechanically shaken sieves of bolting cloth of about 200 
mesh which sift out the particles of hull while the starch granules 
and most of the protein pass through. The hulls are sprayed with 
water while on the sieves and are usually reground and the process 
repeated two or three times to complete the removal of the starch 
from the particles of hull. , 

The liquid which has passed through the shakers, and which con¬ 
tains practically all of the starch and most of the piotein of the corn, 
is known as the raw starch liquor. This is adjusted to density of 4° 
to 5° Baume (1.03 to 1.045 specific gravity) and then passed into very 
long flat-bottomed tanks known as runs or tables. These arc usually 
100 to 120 feet long and inclined only about 4 inches. As the raw 
starch liquor flows slowly down the run, the starch granules settle 
out gradually and in rolling along the bottom before finally coming 
to rest they tend to rub each other free from adherent protein. The 
length and inclination of the runs and the concentration of the raw 
starch liquor are so adjusted that nearly all of the starch settles be¬ 
fore reaching the lower end of the run, while most of the protein 
remains suspended in the water which flows out and which is known 
as the gluten liquor. The solids of this gluten liquor are recovered 
in the gluten feed. 

When the gluten liquor has been drained off from the run, the 
starch which has settled is found in a very compact deposit which 
may be dug out in blocks like stiff wet clay. As taken from the tables 
or runs it is known as green starch. This may be utilized directly for 
the manufacture of glucose or corn sirup. To refine the starch for 
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eating or for industrial use it is stirred with water and again sent 
over the run, or washed more quickly by decantation, according to 
the degree to which the starch is to be freed from protein; or in 
preparation for certain purposes it may be washed with very dilute 
alkali. The latter is more effective in removing the protein than is 
water alone, but the subsequent removal of the alkali from the starch 
is difficult. Being used for many industrial purposes as well as for 
food, starch and dextrin are prepared in a variety of forms the de¬ 
scription of which does not come within the scope of this book. 

Corn sirup. For the manufacture of commercial glucose, the 
“green starch” is stirred with water to make a suspension of a density 
of about 20° to 22° Baume (1.16 to 1.18 specific gravity), to which 
is added hydrochloric acid in such proportion as to make about 0.1 
per cent of actual acid in the entire mixture. This mixture is treated 
with superheated steam in strong metal cylinders called converters. 
The converters are commonly six feet in diameter and may be as 
much as twenty feet high. By running in superheated steam up to a 
pressure of 35 pounds per square inch, the hydrolysis of the starch 
is greatly accelerated and is brought to the desired point in a few 
minutes. The pressure is then released and the acid neutralized with 
sodium carbonate. The neutral solution is then filtered clear, con¬ 
centrated by evaporation, decolorized by running through bone- 
black filters like those used in the refining of cane sugar (Chapter 
XIII), and finally evaporated further to a viscous sirup containing 
about 80 per cent of solids. This corn sirup, containing notewoithy 
amounts of the three types of carbohydrate—dextrin, maltose, and 
glucose—was originally used essentially as a substitute for (or foi 
blending with) molasses or cane sirup. More recently it gained favor 
as the carbohydrate for use in infant feeding. And now, modifications 
differing in both directions from the staple corn sirup are being ad¬ 
vertised especially for use in infant feeding, one as an excellent 
“first carbohydrate” because of its high dextrin content, another 
as ideal because it contains a higher content both of glucose (dex¬ 
trose) and of maltose than older types of corn sirup. 

Refined corn sugar. Recent technical developments have made it 
possible to produce a refined corn sugar economically from corn 
sirup. This is a mixture of anhydrous and hydrated dextrose ( d . glu¬ 
cose) in the form of characteristic plate-like crystals which tend to 
break up, giving the sugar a powdery texture; it is commonly rate 
as 60 per cent as sweet as cane sugar. A ruling of the Secretary o 
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Agriculture in 1931 permits the use of corn sugar in manufactured 
food products without a statement of its source. 

MILLETS AND GRAIN SORGHUMS 

The name millet (from mille, thousand, referring to the large 
number of seeds borne by one plant) has been applied to several 
kinds of food grains some of which belong to different and not closely 
related species. Panicum miliaceum (German, Hirse) is the common 
millet of Europe and possibly still the most common in this country. 

It is very widely cultivated in Europe, Asia, Northern Africa, and 
to a less extent in the Americas. While largely used and highly 
prized as a feed for farm animals and poultry (a Russian peasant ex¬ 
pression for contentment is “as happy as a millet-fed hen"), millet 
is also a valuable food for man. It is perhaps most often milled to the 
form of groats, and large quantities of millet groats are used as 
human food in Russia, cooked with water, or with fat, or combined, 
in the various ways in which rice is combined, with meats and vege¬ 
tables. 

Australian millet, Polish millet, and Guinea grass are other 
species of the same genus. Less closely related are Egyptian millet or 
pearl millet (widely cultivated in the Near and Far East and popular 
as a breakfast food with Americans there), and Indian millet or 
durra. 

These grain sorghums (which should not be confused with the 
sweet sorghums or sorgo grown chiefly in the Middle West as a 
source of sirup) are able to thrive with relatively little moistuie, and 
several varieties of them are now being tested in the dry-farming of 
some of our Western states. Hegari and milo are now crops of some 
importance in Arizona. Recent studies by Smith have shown that 
hegari and milo resemble yellow corn in nutritive value except for a 
lower vitamin A value. 

BUCKWHEAT 

Buckwheat, the seed of Fagopyrum esculentum, is not botanically 
a cereal (since the plant which bears it does not belong to the true 
grasses) but for practical discussion is usually grouped with the 
cereal grains. Although more popular as a food in the United States 
than in most other countries, the amount grown is small as compared 
with other grains. 

The buckwheat kernel is about as large as that of wheat or 
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barley, but is characterized by its different shape and higher propor¬ 
tion of fiber due to its thick protective covering. The latter is rejected 
in milling the grain, so that the fine buckwheat flour has, like fine 
wheat flour, only a negligible amount of fiber—about one-half of 1 
per cent. 

BREAKFAST CEREALS 

The great variety of forms in which the grains are prepared as 
breakfast foods, and the extravagant claims which were formerly 
made by some manufacturers, have directed so much attention to 
these products that it is now generally understood that they resemble 
closely the staple grain products in composition and nutritive value. 
According to the part of the grain used, breakfast foods may be 
classified into three groups in which: (1) the entire grain is used 
after cleaning (scouring); (2) the germ and part of the bran are re¬ 
moved; (3) the finely ground grain is bolted, removing nearly all of 
the bran. In some products, salt and sugar, sirup, or honey are added. 
The carbohydrate may be altered by the action of malt enzyme or 
by toasting. 

After the successful launching of the movement for the enrich¬ 
ment of white flour and bread, it was proposed that similar addition 
of vitamins and iron be provided for in the case of breakfast cereals 
made from refined mill products instead of whole grains. As Wilder 
and Williams (1944, pages 100-103) summarize the position of the 
National Research Council’s Food and Nutrition Board in advising 
the Food and Drug Administration on this proposal, the Board 
wished only “to permit rather than promote” such a practice, as 
there was believed to be a fair chance in the case of breakfast cereals 
for the promotion of the "nutritionally unimpaired” whole grain 
products. 

In case of governmental recognition of breakfast cereals which 
consist of milled and reconstituted materials, the distinguishing 
designation is “restored,’" which is intended to mean a restoration 
of thiamine, niacin, and iron to about the whole grain levels of 
wheat, oats, rice, or corn according to the nature and name of the 

breakfast cereal concerned. 

% 

NUTRITIVE VALUE AND PLACE IN THE DIET 

The quantitative composition of the grains and of the chief food 
products made from them has already been given either in the gov- 
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ernmental Tables of Food Composition or in the above text. The 
grains themselves, their chief mill products, and the dry cereal prepa¬ 
rations made from them show considerable similarity in the general 
features of their chemical composition, and they vary but little from 
an average fuel value of about 1650 Calories per pound. The 100- 
Calorie portion of all these (dry) products is thus very nearly one 
ounce (varying only from 25 grams for oatmeal to 29 grams for rice). 
The cooked products naturally show greater differences, chiefly be¬ 
cause of the presence of added water or fat. 

The chemical nature and nutritive value of the carbohydrates 
(chiefly starch in all of the grains) and of the fat do not ofler any 
problem requiring further discussion. 

The chemical structure of the proteins of the cereal grains has 
been investigated with great thoroughness, first by Osborne and later 
by several other research workers. The percentages of amino acids 
obtained on hydrolysis of these proteins, as compiled from many 
sources, are shown in Table 24. 


TABLE 24. PERCENTAGES OF" INDIVIDUAL AMINO ACIDS IN 
THE CHIEF PROTEINS OF WHEAT AND CORN (MAIZE) 



CLIADIN 

GEUTENIN 

LEUCOSIN 

ZEIN 

CLUTEEIN 


(WHEAT) 

(WHEAT) 

OF WHEAT 

(MAIZE) 

OK MAIZE 

Alanine 

2.66 

4.65 

4.45 

13.39 

not determined 

Ammonia 

5.22 

4.01 

1.41 

3.64 

2.12 

Arginine 

3.40 

4.72 

5.94 

1.80 

7.56 

Asparlic acid 

1.40 

2.00 

3.35 

4.64 

0.63 

Cystine 

2.40 

2.10 

3.29 

1.00 

2.81 

Glutamic acid 

46.90 

25.70 

6.73 

31.3 

12.72 

Glycine 

0.68 

0.89 

0.94 

0.00 

a 

Histidine 

3.30 

1.76 

2.83 

0.00 

0.75 

Hydroxyglutamic acid 

7.70 

o 

a 

1.25 

3.00 

Hydroxylysine 

0.12 

a 

a 

a 

a 

Hydroxyproline 

a 

a 

a 

2.50 

a 

Isoleucine 

a 

a 

a 

0.80 

a 

4, Leucine M (s) b 

6.62 

5.95 

11.34 

25.00 

6.22 

Lysine 

1.21 

1.92 

2.75 

0.00 

6.71 

Methionine 

2.10 

1.56 

1.19 

2.35 

a 

Phenylalanine 

2.60 

1.97 

3.83 

7.60 

1.74 

Proline 

13.22 

4.23 

3.18 

9.04 

4.99 

Serine 

0.13 

0.74 

a 

1.02 

a 

Threonine 

2.00 

a 

o 

2.90 

a 

Tryptophane 

1.14 

2.24 

4.76 

0.00 

2.07 

Tyrosine 

5.07 

7.25 

4.20 

5.90 

4.99 

Valine 

3.40 

0.24 

0.18 

1.88 

a 


* Not determined. 

*Isolcucine may be included with '‘Leucine.” 
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Osborne and Mendel used these proteins largely in their feeding 
experiments with isolated food substances and found: (1) that when 
zein (lacking in tryptophane) is the only protein of the diet, it does 
not suffice for the needs either of a glowing or a full-grown animal; 
(2) that when gliadin (containing tryptophane but very little lysine) 
is the sole protein fed, full-grown animals can be maintained, but 
young animals cannot grow. 

It does not follow, however, from the fact that gliadin or zein 
is inadequate as a sole protein food, that wheat, maize, or their mill 
products would be correspondingly inadequate even if fed alone. 
Each of these grains (and of the staple mill products made from 
them) contains a mixture of proteins, and the other proteins with 
which gliadin and zein are always mixed in wheat and maize, re¬ 
spectively, do not show these same peculiarities of chemical structure, 
so that we have no reason to fear that either lysine or tryptophane 
would ever be wholly lacking in any staple food product made from 
grain. Thus glutenin, which is always present in wheat flour, has 
been shown to be adequate for both maintenance and growth even 
when it was the only protein in the diet. It is, however, only reason¬ 
able to expect that the mixture of proteins found in corn meal or 
even wheat flour will be of somewhat less value in nutrition than an 
equal weight of the mixture of proteins which we find in milk, eggs, 
or meat. 

Fortunately the proteins of milk are relatively rich in those 
amino acid radicles in which the grains are poor. Osborne and 
Mendel found that their animals were not only maintained in health 
and vigor, but also could make a normal rate of growth when three 
fourths of their food protein was zein and one fourth was lactal- 
bumin. If bread be made with milk instead of water (Fig. 14), or if 
breakfast cereal or even corn meal mush be eaten with milk, top- 
milk or thin cream, the protein of the combination may have fully 
as high a value in nutrition as the average protein of ordinary mixed 
diet. 

Because of the very large amounts of potential human food in 
the corn (maize) and oat crops, the equivalence of these grains with 
wheat in nutrition is a matter of importance. 

In nitrogen-balance experiments with human adults it was found 
that the proteins of corn, of oats, and of wheat or even white bread 
(as ordinarily made with some milk) were about equally efficient and 
that all gave good results when the protein of the grain was supple- 
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Pig. 14. Weight curves showing marked difference in nutritive value of bread 
made with and without milk. (By permission of the Journal of Biological 
Chemistry.) 

merited with one tenth of its weight of milk protein (Sherman and 
Winters, 1918; Sherman, Winters, and Phillips, 1919; Sherman, 
1920). 

The high efficiency of milk proteins in supplementing those of 
cereals and bread is especially important because milk also supple¬ 
ments bread and cereals importantly in their mineral and vitamin 
values. 

Osborne and Mendel (1919) found that the proteins of whole 
wheat enabled young rats to grow at a normal (though not maximal) 
rate. 

McCollum and his coworkers showed that in long-term experi¬ 
ments also, the proteins of the different cereal grains were about 
equally efficient, and that any of our staple cereals can furnish at 
least two thirds of the protein of a good mixed diet. 

Osborne and Mendel (1920) likewise found the natural protein 
mixtures of barley, oats, rye, and wheat to be very similar in nutri¬ 
tive value. Elvehjem’s work still in progress at the time of this writ¬ 
ing seems to bring evidence that when supplementation is inadequate 
the deficiency that results takes the more pellagra-like form in the 
case of too great a dependence upon corn (maize) which is relatively 
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poor both in the amino acid tryptophane and in the vitamin niacin. 

The digestibility of the grain proteins, when fed free, is probably 
not much inferior to that of animal protein. It is evidently very 
largely because of the associated substances, such as cell walls which 
still inclose the grain proteins to a certain extent in ordinary mill 
products, that the coefficient of digestibility of the protein of bread, 
for example, is lower than that of an average mixed diet. Partly for 
the same and partly for other reasons, it was anticipated that the 
coefficient of digestibility of whole grain products might be some¬ 
what lower than that of the finer products representing only the 
inner portion of the kernel. This question was of particular interest 
as affecting the comparative food values of patent, entire wheat, and 
Graham flours and the breads made from them. The average results 
of a long series of digestion experiments carried out under the aus¬ 
pices of the United States Department of Agriculture were as shown 
in Table 25. 


TABLE 25. DIGESTIBILITY OF BREADS MADE FROM DIFFERENT 
FLOURS (U. S. DEPARTMENT OF AGRICULTURE) 


Standard patent flour 
Entire wheat flour 
Graham flour 


COEFFICIENT OF 
PROTEIN 

per cent 
88.6 
82.0 
74.9 


DIGESTIBILITY OF 
CARBOHYDRATE 
per cent 

97.7 

93.5 

89.2 


The lower coefficients of digestibility of the entire wheat and 
Graham flours may be regarded as more than offset by their higher 
protein contents plus the fact that the whole grain proteins are richer 
in the essential amino acids. 

Bricker, Mitchell, and Kinsman (1945) found that in nitrogen 
balance experiments with healthy human adults under dietary con¬ 
ditions in which 43.0 grams of milk protein or 49.5 grams of the 
protein of a mixed diet was required for equilibrium, 74.4 grams of 
white flour protein was required. The nutritive efficiency of the 
white flour protein as thus tested was greatly improved by the addi¬ 
tion of lysine. These estimates of the protein "requirements” were 
all computed to the basis of a 70-kilogram body weight. 

The coarser wheat products stimulate peristalsis more than do 
the fine flour products, an effect which is desirable in some persons 
and undesirable in others. This property of the whole wheat prod¬ 
ucts has been attributed in part to mechanical irritation, and in part 



NUTRITIVE VALUE AND PLACE IN THE DIET 219 

to distinct substances which are largely rejected in the preparation 
of fine flour. These are the oil of the germ, the bran salts, and the 
phytin (one of the phosphorus compounds) which is especially 
abundant in the bran. Recent studies, however, indicate that in 
man (and animals with similar digestive mechanisms) the laxative 
value of bran is due predominantly to its fiber content or roughage. 

The mineral elements of the grains are largely concentrated in 
the germs and outer layers. Bran yields 10 to 20 times as much ash 
as patent flour. Comparing the patent flour with the whole wheat, 
the discrepancy is still large, the wheat containing 3 to 5 times as 
much of iron, of phosphorus, of calcium, or of total ash as the fine 
flour made from it. Thus three fourths of the mineral matter of the 
wheat kernel are lost to man in the process of manufacturing the 
wheat into white flour. The iron content is, however, approximately 
restored when the flour is enriched by the now standardized addition 
of iron along with some of the B-vitamins. 

M. S. Rose and coworkers * showed clearly that both whole 
wheat and bran are well utilized in hemoglobin formation. 

Elvehjem and Peterson rank cereals third from the top among 
groups of foods analyzed for their copper content. Refined cereals 
contain only one third to one half the percentage of copper found 
in the whole grains, and a still smaller proportion of the calcium, 
phosphorus, iron, manganese, and vitamins. 

There is no doubt that the whole grain products actually furnish 
the body much more than do the highly refined products, of phos¬ 
phorus, iron, copper, manganese, thiamine and riboflavin. “Enrich¬ 
ment” is, as we have seen, a partial restoration by addition of iron, 
thiamine, riboflavin, and niacin. 

The vitamin contents of the cereal grains in their natural form 
show a general similarity. None of them carries any significant 
amount of vitamin A value except yellow corn. All contain an im¬ 
portant amount of thiamine and more or less of other B-vitamins, 
though all need supplementation of their riboflavin content. The 
thiamine contained in the kernel is chiefly in the germ and/or the 
adjacent part of the endosperm, with some in the bran and very 
little in the starchy interior of the endosperm. 

Until disintegrated by pounding or milling the grain is a fairly 
reliable source of thiamine, though this varies somewhat with the 

•Journal of Biological Chemistry, Vol. 98, pp. 417-37 (1932). and subsequent 
papers. 
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different species of grain, with variety within the species, and with 
the environment in which the grain is grown. The government table 
of 1945 gives the thiamine content of wheat as 0.56 mg. per 100 
grams. This value may be given more fully as 557 ± 4.7 micrograms 
of thiamine per 100 g. of wheat as the mean with its probable error 
from the averaging of 400 random samples whose coefficient of varia¬ 
tion was 25. But the milling of wheat, like that of rice, concentrates 
the thiamine in the by-products while yielding a white “refined” 
milled product greatly impoverished in thiamine—as also in other 
B-vitamins and mineral elements of the original grain. We have 
seen that enriched flour has added iron, thiamine, riboflavin, and 
niacin. 

Pecuniary economy and place in the diet. In computing the 
American family dietary studies made in 1942 it was estimated that 
35 per cent of the flour and bread then used was enriched. On this 
assumption, the grain products as a group cost consumers 11 per 
cent of their expenditure for food, and contributed to the average 
dietary 30 per cent of the food calories, 28 per cent of the protein, 
12 per cent of the calcium, 21 per cent of the iron, less than 0.5 per 
cent of the vitamin A value, 22 per cent of the thiamine, 9 per cent 
of the riboflavin, and no significant amount of vitamin C. It will be 
seen that this grain products food-group (cereals, flour, bread, and 
other bakery products) brought a return in nutritive value which, 
while not entirely well balanced, was much above its pro rata share 
as based on its cost. See Table 6 in Chapter III. 

One wonders why there should have been between 1909 and 1939 
a decrease of one-third in the per capita consumption by the people 
of the United States of a type of food that appears to be so good an 
investment from the consumer’s point of view. Probably for the 
majority of the American people during most of that time food was 
so abundant that the choice of food was not very severely limited by 
nutritional and pecuniary considerations. In general, earnings were 
increasing while work was becoming more mechanized, and working- 
hours shorter, so that the calorie needs per person were diminish¬ 
ing,* and the decrease of consumption fell largely upon bread be¬ 
cause it was regarded as an “unfashionable” or “uninteresting food 

• The fact that statistics of food energy “available for consumption” do not 
show a corresponding fall between 1909 and 1939 is doubtless largely due to the 
increasing margin between disappearance of food and its physiological con¬ 
sumption. 
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(socially out of favor) and because such other kinds of food as fats 
and sweets were becoming more abundant. But there was also the 
sounder reason that the bulk of the breadstulls offered in the retail 
markets consisted of mill products which increasing numbers of 
consumers were learning to recognize as nutritionally impoverished. 

Now that the nutritive values of the hitherto impoverished white 
flour and bread (and corresponding breakfast cereals) have been in 
some important respects and degree restored, to what extent should 
Americans now readjust upward their consumption of the cereal, 
flour, and bakery-products group of foods? To the open-minded, it 
seems American common-sense that we should make reasonably full 
use of a food of established value which our country is so eminently 
fitted to produce in large quantities. Whatever may be our national 
policy as to growing surplus wheat for export, at any rate the people 
of the United States should certainly be educated to eat as much 
bread as is best for their individual well-being and their efficiency 
in their work of whatever kind. Liberal use of bread and cereals is 
helpful not only to the endeavor to make good nutrition go around 
to all our people. It also helps each one of us to digest with ease and 
comfort his food as a whole. This is because bread eaten with other 
foods helps to give good texture to the food-mass as a whole and this 
contributes to the comfort and efficiency of the digestive process 
throughout the whole length of the alimentary tract. This is true 
for both the poor and the well-to-do; and for both the sedentary and 
the muscular worker. The low-income muscular worker habitually 
eats a good deal of bread in meeting his high food-calorie needs 
within the limitations of his low purchasing power; and, in doing 
so, he gets automatically the digestive advantage just mentioned. 
People not engaged in muscular work and not economically com¬ 
pelled to live largely on bread, should nonetheless eat enough 
bread to give to the food-mass which the stomach receives at each 
meal a texture favorable to the ease and comfort of the digestive 
process as a whole. From much study and many conferences on these 
problems, it is suggested as representing as nearly a consensus of 
sound opinion as is available, that American families may now wisely 
take from 30 to 40 per cent of their food calories from the grain- 
products food-group—cereals, flour, meal, and bakery products. The 
lower figure of this range (30 per cent) is present average American 
practice as indicated by the nationwide dietary study of 1942. While 
people of ample purchasing power can meet all their nutritional 
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needs without making use of as much bread as this, there are apt to 
be two disadvantages: (a) with less bread, there will usually be less 
ease and comfort in the digestive process, and (b) fewer calories taken 
as bread will usually mean more taken in forms that make greater 
drafts upon the nation’s food-production resources and thus make 
more difficult the problem of good nutrition for all the people. The 
upper figure of the above suggested range (40 per cent) is to some 
extent an adaptation to lower purchasing power but is believed to 
be consistent with optional nutrition in view of the fact that bread 
has recently been markedly improved in nutritional value by in¬ 
creased use of milk in bread-making, and further enrichment by 
added vitamins and iron. 

In concluding summary it may be said regarding bread that the 
developments of several decades in wheat production, milling, and 
baking had resulted in a highly developed technologically standard¬ 
ized “staple” white bread of essentially the same energy value (about 
1200 Calories a pound) as the bread of a century before; but which 
was in other respects a nutritionally impoverished product. Bread 
made from whole-wheat or peeled-wheat flour, or with substantial 
amounts of milk or of wheat germ have protein of higher nutritive 
value and are also of better mineral and vitamin content. But these 
different modernizations effect different nutritional gains. Milk 
powder is especially valuable for the riboflavin, the protein and the 
calcium it brings, whereas “enrichment” in the legal and technical 
sense of the term implies a partial restoration of the iron and the 
B-vitamins which the usual milling process rejects. Breads nutri¬ 
tionally modernized in any of these ways, and particularly when 
made both of whole grain or enriched flour and with substantial 
amounts of milk and/or wheat germ, well deserve a larger place in 
the diet than could properly be advocated for nutritionally impover¬ 
ished bread. It is believed that such nutritionally improved breads 
may well be utilized to supply as much as 40 per cent of the calories 
of normal dietaries, and that this larger use of bread improved as 
here explained will often be physiologically, as well as economically, 
advantageous to the individual and the family. 

Some broader human implications have been briefly mentioned 
and are considered in Chapter XV. 



REFERENCES AND SUGGESTED READINGS 



REFERENCES AND SUGGESTED READINGS 

Anderson, J. A., Editor 1946 Enzymes and Their Role in Wheat Tech¬ 
nology. (New York: Interscience Publ.) 

Andrews, J. S. 1943 How distribution of vitamins in wheat afreets flour. 

Food Ind. 15, 78-79; Expt. Sta. Rec. 91, 487. 

Andrews, J. S. 1945 Vitamins in wheat. Trans. Am. Assoc. Cereal Chem. 
4, 1-16. 

Andrews, J. S., H. M. Boyd and D. E. Terry 1942 The riboflavin con¬ 
tent of cereal grains and bread and its distribution in products of wheat 
milling. Cereal Chem. 19, 55-64; Chem. Abs. 36, 1684. 

Andrews, J. S., and C. Felt 1941 The iron content of cereals. Cereal 
Chem. 18, 819-826. 

Anker, C. A., W. F. Geddes, and C. H. Bailey 1942 A study of the net 
weight changes and moisture content of wheat flour at various relative 
humidities. Cereal Chem. 19, 128—150; Chem. Abs. 36, 1683. 

Anon. 1941 Wheat "peeling” process yields high-vitamin flour and 
bread. Food Ind. 13, No. 5, 70-71; Expt. Sta. Rec. 86, 554. 

Anon. 1944 Nutritional value of wheat germ and corn germ. J. Am. 
Med. Assoc. 125, 848-849. 

Atkins, R. E. 1943 Factors affecting milling quality in oats. J. Am. Soc. 

Agron. 35, 532-539; Expt. Sta. Rec. 89, 663. 

Atwater, H. W. 1910 Bread and breadmaking. U. S. Dept. Agriculture 
Farmers’ Bull. No. 389. 

Bailey, C. H. 1925 The Chemistry of Wheat Flour. (New York: Chemi¬ 
cal Catalogue Co.) 

Bailey, C. H. 1938 Germ content of American wheats. Cereal Chem. 
15, 102-106. 

Bailey, C. H. 1941 Protein surveys of American hard spring and soft 
winter wheals. Minnesota Agr. Expt. Sta. Tech. Bull. No. 147; Expt. 
Sta. Rec. 86, 621. 

Bailey, C. H. 19415 The wheat kernel and its nutritional properties. 
Am. Miller 69, 93-94, 137-138. 160. 

Bailey, C. H. 1944 The Constituents of Wheat and Wheat Products. 
American Chemical Society Monograph Series. (New York: Reinhold 
Publ. Corp.) 

Baker, J. C., and M. D. Mize 1942 The relation of fats to the texture, 
crumb, and volume of bread. Cereal Chem. 19, 84-94; Chem. Abs. 
36, 1684. 

Baker, J. C., M. D. Mize, and H. K. Parker 1943 Measurement and 
significance of gluten quality. Cereal Chem. 20, 506-516. 

Baker, J. C.. H. K. Parker, and M. D. Mize 1943 The pentosans of 
wheat flour. Cereal Chem. 20, 267-280; Expt. Sta. Rec. 92, 326. 



GRAIN PRODUCTS 

Bayfield. E. G., J. E. Anderson, W. F. Geddes, and F. C. Hildebrand 1943 
T1,e cilect of millroom temperature and relative humidity on experi¬ 
mental flour yields and flour properties. Cereal Chem. 20, 149-171; 
Chem.Abs. 37, 3187. 

Beeson, W. M„ W. P. Lehrer, Jr., and E. Woods 1947 Peas, supple¬ 
mented with wheat germ or corn germ, as a source of protein for 
growth. J. Nutrition 34, 586-593. 

Binning i on, D. S., and W. F. Geddes 1939 Further studies upon the 
ieljti\e macaroni-making quality of a number of durum wheat varie¬ 
ties. Cereal Chem. 16, 384-392. 

Bush. M. J. 1936 The wheat flour proteins. Supplement to Cereal Chem. 
13, (5), 16-23. 

Boiin, R. T., and H. H. Favor 1945 Functional properties of soybean 
flour as a bread ingredient. Cereal Chem. 22, 296-311; Chem. Abs. 39, 
4160; Nutr. Abs. Rev. 15, 423. 

Boutwell, R. K„ R. P. Geyer, A. W. Halverson, and E. B. Hart 1946 
The availability of wheat bran phosphorus for the rat. J. Nutrition 31, 
193-202. 

Bricker, M., H. H. Mitchell, and G. M. Kinsman 1945 The protein 
lequiremcnts of adult human subjects in terms of the protein con¬ 
tained in individual foods and food combinations. J. Nutrition 30, 
269-283. 

Brownli-.e, H. J., and F. L. Gunderson 1938 Oats and oat products: 
Culture, botany, seed structure, milling, composition, and uses. Cereal 
Chem. 15, 257-272. 

Burhans, M. E., and J. Clapp 1942 A microscopic study of bread and 
dough. Cereal Chem. 19, 196-216. 

Burkholder, 1». R., I. MacVeich. and D. Moyer 1944 Niacin in maize. 
Yale J. Biol. Med. 16, 659-663; Expt. Sta. Rec. 92, 44. 

Cathcart, W. H. 1940 Review of progress in research on bread staling. 
Cereal Chem. 17, 100-121; Expt. Sta. Rec. 84, 694. 

Cathcart, W. H. 1941 The place of science in modern baking. J. Am. 
Dietet. Assoc. 17, 27-34. 

Clark, J. A., and B. B. Bayles 1942 Classification of wheat varieties 
grown in the United States. U. S. Dept. Agriculture, Tech. Bull. No. 
795. 

Conner, R. T., and G. J. Straub 1941 The thiamine and riboflavin 
contents of wheat and corn. Cereal Chem. 18, 671-677. 

Cooperman, J. M., and C. A. Elvehjem 1944 The B-vitamin content 
of groats and rolled oats. /. Nutrition 27, 329-333. 

Cooperman, J. M., and C. A. Elvehjem 1945 Retention of B vitamins 
in oatmeal during cooking. J. Am. Dietet. Assoc. 21, 155-156. 

Copping, A. M. 1939 Nutritive value of wheaten flour and bread. Nutr. 
Abs. Rev. 8, 555-566. 



225 


REFERENCES AND SUGGESTED READINGS 

Cowgill, G. R.. M. H. Jones. R. A. Frisch, and G. I*. Jackson 1927 
Studies on the effects of abundant cereal intake. I. The use of cereals 
as the chief source of calories. J. Am. Med. Assoc. 89, 1770-1771; II. 
The use of supplements other than milk. J. Am. Med. Assoc. 89, 1930— 
1932. 

Crampton, E. W., and G. C. Ashton 1913 The role of the germ in the 
nutritive properties of the cereal grains. Sci. Agr. 23, 115-450; Expt. 
Sta. Rec. 91, 211. 

Csonka, F. A. 1939 Amino acids in the corn kernel. J. Agr. Research 59, 
765-768; Expt. Sta. Rec. 83, 9. 

Davis, M. V., and E. G. Halliday 1939 Studies on all-purpose flour. 
Cereal Chem. 16, 414—418. 

Downs, D. E., and R. B. Meckel 1913 Thiamine losses in toasting bread. 
Cereal Chem. 20, 352-355. 

Duncan, G. H., J. H. Bigcer. A. L. Lang, B. Koehler, and O. Bolin 1945 
Illinois hybrid corn tests, 1944. Illinois Agr. Expt. Sta. Bull. No. 509; 
Expt. Sta. Rec. 93, 571. 

Editorial 1947 Progress of bread and flour enrichment. J. Am. Med. 
Assoc. 135, 226-227. 

Fairbanks, B. W. 1938 Improving the nutritive value of bread by the 
addition of dry milk solids. Cereal Chem. 15, 169-180. 

Fairbanks, B. W. 1939 A study by the paired feeding method of the 
nutritive value of bread made with milk solids. Cereal Chem. 16, 

404-414. 

Faulkner, E. C., and J. I. Simpson 1946 A comparative study of soy 
flours for use in baking. I, III. Food Research 11, 447-453, 454-4a9. 
Fifield, C. C., C. E. Bode. H. C. Fellows. R. Weaver, J. F. Haynes. A. 
Christie, B. E. Rothger, and E. Hoi fecker 1945 Quality charac¬ 
teristics of wheat varieties grown in the western United States. U. S. 
Dept. Agriculture Tech. Bull. No. 887; Expt. Sta. Rec. 93, 148. 
Fifield, C. C., and D. W. Robertson 1945 Milling, baking, and chemi¬ 
cal properties of Marquis and Kanred wheat grown in Colorado and 
stored 14 to 22 years. J. Am. Soc. Agron. 37, 233-239; Expt. Sta. Rec. 

93 432. 

Fincke, M. L., and R. R. Liitle 1941 The thiamine values of wheat 
germ muffins. J. Am. Dielet. Assoc. 17, 531-534. 

Finney, K. F.. and M. A. Barmore 1945 Varietal responses to certain 
baking ingredients essential in evaluating the protein quality of hard 
winter wheats. Cereal Chem. 22, 225-243; Expt. Sta. Rec. 95, 306. 
Finney, K. F., and M. A. Barmore 19455 Optimum us. fixed mixing 
time at various potassium bromate levels in experimental bread baking. 
Cereal Chem. 22, 244-254; Expt. Sta. Rec. 95, 306-307. 

Free, A. H., and F. C. Bing 1940 Wheat as a dietary source of iron. 

J. Nutrition 19, 449-460. 



grain products 

Crewe, E., and J. A. LeClerc 19-13 Commercial wheat germ: Its com¬ 
position. Cereal Chem. 20, 423-434; Expi. Sta. Rec. 92, 325. 

Crewe, E., and J. A. LeClerc 19436 Wheat germ in bread-making. 
Cereal Chem. 20, 434-447; Expt. Sta. Rec. 92, 325-326. 

Golberg, L., and J. M. Thorp 1946 Loss of thiamine during the baking 
of bread. Nature 157, 22-23. 

Gross, \\ ., and V. G. Heller 1944 The carotene content of the grain 
sorghums. Oklahoma Acad. Sci. Proc. 24, 97-98; Expt. Sta. Rec. 93, 802. 

Harris, R. S., M. Clark, and E. E. Lockhart 1944 Nutritional value of 
bread containing soybean flour and milk solids. Arch. Biochem. 4, 
243-247. 


Heisig, C. P., E. R. Ahrendes, and D. E. Merrick 1945 Wheat produc¬ 
tion in war and peace. A mimeographed publication of the Bureau of 
Agricultural Economics, U. S. Dept. Agriculture. 

Henry, Is.. M., J. Houston, S. K. Kon, J. Powell, R. H. Carter, and P. 
H alton 1941 The effects of additions of dried skim milk and dried 

whey on the baking quality and nutritive properties of white bread. 
J. Dairy Research, 12, 184-212; Expt. Sta. Rec. 87, 304. 

Hinton. J. J. C. 1944 The chemistry of wheat germ with particular 
reference to the scutellum. Biochem. J. 38, 214-217. 

Holman, W. I. M. 1946 The amounts of vitamin B x in cereals and the 

extent to which they supply human requirements in various dietaries. 
Nutr. Abs. Rev. 15, 387-410. 

Hoppert, C. A., and A. J. Clark 1945 Digestibility and effect on laxa- 
tion of crude fiber and cellulose in certain common foods. J. Am. 
Dietet. Assoc. 21, 157-160. 


Hove, E. L., L. E. Carpenter, and C. G. Harrel 1945 The nutritive 
quality of some plant proteins and the supplemental effect of some 
protein concentrates on patent flour and whole wheat. Cereal Chem. 
22, 287-295. 

Jackson, S. H., A. Doherty, and V. Malone 1943 The recovery of the 
B vitamins in the milling of wheat. Cereal Chem. 20, 551-559; Expt. 
Sta. Rec. 91, 486. 

Jacobs, M. B. 1944 The Chemistry and Technology of Food and Food 
Products. (2 vols.) (New York: Interscience Publ., Inc.) 

Jones, D. B. 1937 Wheat: Its proteins and nutritional properties. Cereal 
Chem. 14, 771-782. 

Jones, D. B., and coworkers 1923, 1925, 1926 Proteins of wheat bran. 

I-I1I. J. Biol. Chem. 58, 117-132; 64, 241-251; 69, 85-99. 

Jones, D. B., and K. D. Widness 1946 The comparative growth-promot¬ 
ing value of the proteins of wheat germ, corn germ, and some other 
protein foods of plant and animal origin. /. Nutrition 31, 675-683. 
Jones, J. W„ J. M. Jenkins, R. H. Wyche, and M. Nelson 1938 Rice 



REFERENCES AND SUGGESTED READINGS 227 

culture in the Southern States. U. S. Dept. Agriculture, Farmers’ Bull. 
No. 1808. 

Justin, M. M., L. O. Rust, and G. E. Vail 1910 Foods: An Introductory 
College Course, Revised Ed., pp. 79-103. (Boston: Houghton. Mifflin.) 
Kik, M. C. 1939-41 The nutritive value of the proteins of rice and its 
by-products. Cereal Chem. 16, 441—1-17; 17, 473—176; 18, 349—334. 

Kik, M. C. 1942 Nutritive studies of rice and its by-products. Arkansas 
Agr. Expt. Sta. Bull. No. 416; Expt. Sta. Rec. 87, 303-304. 

Kik, M. C. 1945 Effect of milling, processing, washing, cooking, and 
storage on thiamine, riboflavin, and niacin in rice. Arkansas Agr. Expt. 
Sta., Bull. No. 458; Chem. Abs. 40, 6697. 

Kik, M. C., and F. B. Landingham 1943 The influence of processing on 
the thiamine, riboflavin, and niacin content of rice. Cereal Chem. 20, 
569-572; Expt. Sta. Rec. 91, 488. 

Kik, M. C., and R. R. Williams 1945 The nutritional improvement of 
white rice. National Research Council Bull. No. 112. 

Krehl, W. A., L. J. Teply, and C. A. Elvehjem 1945 Corn as an etio¬ 
logical factor in the production of a nicotinic acid deficiency in the 
rat. Science 101, 283; Expt. Sta. Rec. 95, 135-136. 

Light, R. F., and C. N. Frey 1943 The nutritive value of white and 
whole-wheat breads. Cereal Chem. 20, 645-660; Chem. Abs. 38, 776. 
McCollum, E. V., R. M. Wilder, A. F. Morgan, and H. S. Mitchell 1945 
To enrich or not to enrich: A symposium. J. Hume Econ. 37, 397-402; 
J. Am. Dietet. Assoc. 21, 660. 

Melnick, D., B. L. Oser. and H. W. Himes 1943 A survey of the vitamin 
and mineral content of baker’s cakes and pies. Cereal Chem. 20, 661- 

668 . 

Merritt, P. P., and C. H. Bailey 1939 Absorption-mobility relationships 
in wheat-flour doughs. Cereal Chem. 16, 377—383. 

Merritt, P. P., and W. F. Geddes 1943 The complementary baking 
properties of Minnesota spring and winter wheat varieties. Cereal 
Chem. 20, 98-103. 

Miller, C. D. 1945 Effect of washing and cooking upon the thiamine 
content of brown and partially polished rice. J. Am. Dietet. Assoc. 21, 

345-347. 

Mitchell, H. H., and J. R. Beadles 1944 Corn germ: A valuable pro¬ 
tein food. Science 99, 129-130. 

Mitchell, H. H.. T. S. Hamilton, J. B. Shields, and J. R. Beadles 1943 
The contribution of non-fat milk solids to the nutritive value of wheat 
breads. J. Nutrition 25, 585-603; Expt. Sta. Rec. 91, 211. 

Morris, V. H., T. L. Alexander, and E. D. Pascoe 1945 Studies of the 
composition of the wheat kernel. I. Distribution of ash and protein in 
center sections. Cereal Chem. 22, 351-361; Expt. Sta. Rec. 94, 531-532. 



GRAIN PRODUCTS 

Morris, V'. H., T. L. Alexander, and E. D. Pascoe 1946 Studies of the 
composition of the wheat kernel. III. Distribution of ash and protein 
in central and peripheral zones of whole kernels. Cereal Chem. 23, 540- 
547. 

Morris, V. H., E. D. Pascoe, and T. L. Alexander 1945 Studies of the 
composition of the wheat kernel. II. Distribution of certain inorganic 
elements in center sections. Cereal Chem. 22, 361-371; Expt. Sta. Rec. 
94, 532. 

Moyle, J. B. 1944 Wild rice in Minnesota. J. Wildlife Mangt. 8, 177— 
181; Expt. Sta. Rec. 92, 27. 

Mueller, W. S., and M. J. Mack 1939 Cereal flours as anti-oxidants in 
dairy products. Food Research 4, 401-405. 

Merlin, J. R„ M. E. Marshall, and C. D. Kocharian 1941 Digestibility 
and biological value of whole-wheat breads as compared with white 
bread. J. Nutrition 22, 573-588. 

Mlrlin, J. R., and H. A. Mattill 1938 Digestibility and nutritional 
value of cereal proteins in the human subject. J. Nutrition 16, 15-35. 

Merlin, J. R., E. S. Nasset, and M. E. Marsh 1938 The egg-replacement 
value of the proteins of cereal breakfast foods, with a consideration of 
heat injury. J. Nutrition 16, 249-269. 

Murphy, J. C., and D. B. Jones 1926 The nutritive properties of the 
proteins of wheat bran. J. Biol. Chem. 69, 85-99. 

Nordgren, R., and J. S. Andrews 1941 The thiamine content of cereal 
grains. Cereal Chem. 18, 802-811. 

O’Donnell, W. W., and E. G. Bayfield 1947 Effect of weather, variety, 
and location upon thiamine content of some Kansas-grown wheats. 
Food Research 12, 212-221. 

Osborne, T. B. 1907 The proteins of the wheat kernel. Carnegie Insti¬ 
tution of Washington, Publication No. 84. 

Osborne, T.. B., and L. B. Mendel 1914 Nutritive properties of the pro¬ 
teins of the maize kernel. J. Biol. Chem. 18, 1-16. 

Osborne, T. B., and L. B. Mendel 1919 The nutritive value of the 
wheat kernel and its milling products. J. Biol. Chem. 37, 557-602. 

Osborne, T. B., and L. B. Mendel 1920 Nutritive value of the proteins 
of the barley, oat, rye and wheat kernels. J. Biol. Chem. 41, 275-306. 

Proety, W. W., and W. H. Cathcart 1939 The calcium content of 
white bread. J. Nutrition 18, 217-226. 

Pulkki, L. H. 1938 Particle size in relation to flour characteristics and 
starch cells of wheat. Cereal Chem. 15, 749-765; Expt. Sta. Rec. 83, 
443. 

Pye, O. F., and G. MacLeod 1946 The utilization of iron from different 
foods by normal young rats. J. Nutrition 32, 677-687. 

Richardson, A. E.. and H. S. Green 1916-1917 Nutrition investigations 



REFERENCES AND SUGGESTED READINGS 229 

upon cottonseed meal. J. Biol. Client. 25, 507-318; 30, 213-258; 31, 
379-388. 

Rose, M. S., and G. MacLeod 1928 Supplementary values among foods. 
11. Growth and reproduction on white bread with various supplements. 
J. Nutrition 1, 29-38. 

Rostorfer, H. H., C. D. Kocharian, and J. R. Merlin 1913 Digestion 
of whole wheat and white breads in the human stomach. J. Nutrition 
26, 123-138; Expt. Sta. Rec. 91, 478. 

Sandstedt, R. M., C. E. Jolitz, and M. J. Blish 1939 Starch in relation 
to some baking properties of Hour. Cereal Chem. 16, 780-792; Expt. 
Sta. Rec. 83, 441-442. 

Schultz, A. S., L. Atkin, and C. N. Frey 1939 Vitamin B, content of 
wheat, flour, and bread. Cereal Chem. 16, 643-648; Expt. Sta. Rec. 83, 
417-418. 

Schultz, A. S., L. Atkin, and C. N. Frey 1942 The stability of vitamin 
B t in the manufacture of bread. Cereal Chem. 19, 532-538; Expt. Sta. 
Rec. 88, 857-858. 

Schwarz, R., L. Laufer, S. Laufer, and M. W. Brenner 1942 Enrich¬ 
ment of white bread with vitamin-B complex through the addition of 
debitterized brewers yeast. Ind. Eng. Chem. 34, 480-483. 

Sealock, R. R., D. H. Basinski, and J. R. Murlin 1941 Apparent di¬ 
gestibility of carbohydrates, fats, and "indigestible residue" in whole¬ 
wheat and white breads. J. Nutrition 22, 589-596. 

Semmons, E. M.. and E. W. McHenry 1945 The calcium content of 
samples of commercial bread. Can. Med. Assoc. J. 52, 265-267; Chem. 
Abs. 39. 3849. 

Sherman, H. C. 1920 Protein requirement of maintenance in man and 
the nutritive efficiency of bread protein. J. Biol. Chem. 41, 97—109. 

Sherman, H. C., and C. S. Pearson 1942 Modern Bread from the View¬ 
point of Nutrition. (Macmillan.) 

Sherman, H. C., and J. C. Winters 1918 Efficiency of maize protein in 
adult human nutrition. J. Biol. Chem. 35, 301-311. 

Sherman, H. C., J. C. Winters, and V. Phillips 1919 Efficiency of oat 
protein in adult human nutrition. J. Biol. Chem. 39, 53—62. 

Sherwood, R. C., R. Nordcren, and J. S. Andrews 1941 Thiamine in 
the products of wheat milling and in bread. Cereal Chem. 18, 811-819. 

Shetlar, M. R., and J. F. Lyman 1944 Effect of bran on bread baking. 
Cereal Chem. 21, 295-304; Expt. Sta. Rec. 92, 611-612. 

Somers, G. F., M. H. Coolidge, and K. C. Hamner 1945 The distribu¬ 
tion of thiamine and riboflavin in wheat grains. Cereal Chem. 22, 
333-340; Chem. Abs. 39, 4159; Nutr. Abs. Rev. 15, 460. 

Stamberg, O. E. 1939 Starch as a factor in dough formation. Cereal 
Chem. 16, 769-780; Expt. Sta. Rec. 83, 442. 



GRAIN PRODUCTS 

Si amiu nr.. O. E„ and C. H. Bailey 1939 Studies on wheat starch. I-III. 
(-•■real Chem. 16, 309-335; Expt. Sta. Rec. 83, 9-10. 

Si am iu kg, O. E., and C. H. Bailey 1940 Plasticity of doughs. Cereal 
( hem. 17, 37-44; Expt. Sta. Rec. 85, 582. 

Siakl, F. J., and D. M. Hegsted 1944 The nutritive value of wheat 
germ, corn germ, and oat proteins. Federation Proc. 3, 120-123. 

Stf.en bock, H., H. E. Kent, and E. G. Gross 1918 The dietary quali¬ 
ties of barley. J. Biol. Chem. 35, 61-74. 

Stewart, R. A., G. W. Hensley, and F. N. Peters, Jr. 1943 The nutri¬ 
tive value of protein. I. The effect of processing on oat protein. J. Nu¬ 
trition 26, 519-526. 

Street, FI. R. 1943 A study of the availability of the iron in enriched 
bread. J. Nutrition 26, 187-195. 

Swanson, A. F. 1939 Long-time storage of winter wheat. J. Am. Soc. 
Agron. 31, 896-897; Expt. Sta. Rec. 82, 480. 

Swanson, C. O. 1936 Physical tests to determine quality in wheat varie¬ 
ties. Cereal Chem. 13, 179-201. 

Swanson, C. O. 1938 Wheat and Flour Quality. (Minneapolis: Burgess 
Publ. Co.) 

Swanson, E. C., and E. G. Bayfield 1945 The effect of mixing speed 
and dry milk solids on bread volume. Cereal Chem. 22, 214-224; Expt. 
Sta. Rec. 95, 306. 

Sweetman, M. D. 1937 Food Preparation, 2nd Ed., Chapters XIII and 
XIV. (Wiley.) 

Tepley, L. J., F. M. Strong, and C. A. Elvehjem 1942 Nicotinic acid, 
pantothenic acid, and pyridoxine in wheat and wheat products. J. 
Nutrition 24, 167-174. 

Tresslf.r, D. K. 1940 The use of high conversion corn sirup in making 
jellies, jams, and fruit butters. Fruit Prod. J. 19, 228-229, 251; Chem. 
Abs. 34, 4175. 

Vahlteich, E. McC., M. S. Rose, and G. MacLeod 1935 The effect of 
digestibility upon the availability of iron in whole wheat. J. Nutrition 
11, 31-36. 

Vickery, H. B. 1944 Discussion of the amino acid composition of plant 
seeds. Federation Proc. 3, 110-115. 

Wheat: Pre-Eminence as a Cereal Food; Nutritive Value; Relation to 
Health and Disease. Imperial Bureau of Animal Nutrition, Tech. 
Comm. No. 7. 

Whiteside, A. G. O., and S. H. Jackson 1943 The thiamine content of 
Canadian hard red spring wheat varieties. Cereal Chem. 20, 542-551; 
Chem. Abs. 38, 169. 

Whitney, D. E„ H. Herren, and B. D. Westerman 1945 The thiamine 
and riboflavin content of the grain and flour of certain varieties of 
Kansas-grown wheat. Cereal Chem. 22, 90-95. 



REFERENCES AND SUGGESTED READINGS 


231 


Wilder, R. M., and R. R. Williams 19-14 Enrichment of flour and 
bread: A history of the movement. National Researcli Council Bull. 
No. 110. 

Williams, R. D., H. L. Mason, and R. M. Wilder 1943 Evaluation of 
nutritive contribution of enriched white flour. J. Am. Med. Assoc. 121, 
943-945. 

Williams, R. R. 1939 Cereals as a source of vitamin Bj in human diets. 
Cereal Chem. 16, 301-309. 

Woolley, D. W. 1946 The occurrence of a “pcllagragenic" agent in 
corn. J. Biol. Chem. 163, 773-774. 


» 



CHAPTER IX. VEGETABLES 

/» 


The number of vegetables used as food is so large and so likely 
to grow that it is impracticable to treat each one individually in this 
chapter. What is attempted, therefore, is a brief classification and 
description of the principal food vegetables (or groups of them), 
with consideration of both botanical and economic relationships, 
and of nutritional characteristics. Publications listed at the end of 
the chapter will facilitate further study along any of many lines of 
interest in this field. 

CLASSIFICATION OF VEGETABLES 

Of the food materials which come under the general heading of 
this chapter, some are seeds, some fruits, some buds or flowers, some 
leaves, some stems, some bulbs, tubers, or roots. 

SEED VEGETABLES 

Sweet corn. Sweet corn (Zea mays saccharata) is a connecting link 
between this and the preceding chapter. 

Botanically, sweet corn is as much a grain as are those discussed 
in Chapter VIII. It is a culturally and scientifically recognized variety 
of Zea mays characterized by its high sugar content. This sugar 
largely changes to starch as the kernels mature and harden. Hence 
the sweet corn used as a vegetable is harvested in its tender, im¬ 
mature (but fully formed) stage. It may then either be consumed as a 
fresh vegetable or preserved by drying or by canning. While home 
drying on a small scale continues widespread, it is now overshadowed 
by industrial canning which has been developed to such a degree that 
sweet corn shares with peas and tomatoes the distinction of being 
the three vegetables most largely canned in the United States. 

Mature legumes. Mature, dry beans, peas, and lentils (while some¬ 
times included under “grains” in agricultural and statistical usage) 
are now generally recognized as an important and distinct group of 
vegetables. In fact, the dry beans and peas are economically so im¬ 
portant that often the nuts are grouped with them as being of similar 
chemical composition and nutritional characteristics. 
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SEED VEGETABLES 

Legume is the name applied to seeds, commonly classed as vege¬ 
tables, which belong to the Leguminosae or pulse family. Included 
in this group arc the various kinds of beans, peas, and lentils. Seeds 
of the Graminaccae, or grass family, which includes the common 
cereals studied under the general name of grains in the preceding 
chapter, aie sometimes grouped with the vegetables from the view¬ 
point of place in the diet. Thus, sweet corn is commonly classed as a 
vegetable, and rice (though handled commercially as a grain crop) 
is sometimes given the place of a vegetable in the planning of meals. 
Soybean flour and related products (“soya”) constitutes in the United 
States a “new” addition to the dry-legume food-group; but one of 
great potential importance. As yet this important potential resouice 
has been given but slight and slow recognition as human food by 
the peoples of either the United Kingdom or the United States. 
Clark, Friend, and Burk (1946) of the United States Department of 
Agriculture find that of the food-group comprising dry (and canned 
baked) beans, peas, nuts, and soya flour the yearly per capita con¬ 
sumption by the people of the United States grew slowly from 12 
pounds in 1909 and 1910 to 24 pounds in 1942 and then receded to 
20 pounds in 1941 and 1945. 

Composition of the dry legumes. Weight for weight our ordinary- 
dry beans, peas, and lentils contain about the same percentages of 
proteins as do fresh meat (or about twice as much as do grains); 
peanuts and peanut butter contain rather more; and soybean flour 
contains much more, typically, according to D. B. Jones, from 30 to 

45 per cent. . 

Moreover, the chemical constitution or amino-acid make-up ol 

soybean and peanut proteins is much like that of meat proteins; 
and that of the ordinary beans and peas is fairly similar. 1 he per¬ 
centages of individual amino acids in the best-studied proteins of 
some of the legumes is shown in Table 26. Feeding experiments 
confirm these chemical studies in showing that legume proteins (fed 
cooked) are comparable with animal proteins in chemical nature and 

nutritive value. 

The proteins of soybeans and peanuts are also essentially like 
typical animal proteins in the efficiency with which they supplement 
the cereal proteins in nutrition. 

Spitzcr and Phillips (1*945), in a paper whose scope is broader 
than its title, have shown that soybean oil meal (or flour) as obtained 
by the cxpeller process is an excellent source both of phosphorus 
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TABLE 26. PERCENTAGES OF INDIVIDUAL AMINO ACIDS 
IN LEGUME PROTEINS 


AMINO ACID 

PHASEOLIN 

LEGUMIN 

VIC1LIN 

LEGUMELIN 

GLYCININ 

Alanine 

(BEAN) 

1.80 

(PEA) 

2.08 

(PEA) 

0.50 

(PEA) 

0.92 

(SOYBEAN) 

a 

Ammonia 

2.06 

2.05 

2.03 

1.26 

2.56 

Arginine 

6.11 

11.73 

8.91 

5.45 

8.07 

Aspartic acid 

5.24 

5.30 

5.30 

4.11 

9.40 

Cystine 

0.84 

0.90 

0.57 

1.27 

Glutamic acid 

14.54 

17.00 

21.34 

12.96 

19.46 

Glycine 

0.55 

0.38 

0.00 

0.50 

1.56 

Histidine 

3.32 

1.69 

2.47 

2.27 

2.10 

Hydroxyglutamic acid 

a 

a 

a a 

a 

Hydroxyproline 

a 

a 

a 

a 

a 

Isoleucine 

a 

o 

a a 

a 

“Leucine” 6 

9.65 

8.00 

9.38 

9.63 

8.40 

Lysine 

7.88 

5.00 

5.40 

9.06 

Methionine 

a 

a 

o a 

1.84 

Phenylalanine 

3.25 

3.80 

3.82 

4.79 

3.86 

Proline 

2.77 

3.22 

4.06 

3.96 

3.78 

Serine 

0.38 

0.53 

• a 

• 

Threonine 


a 

• a 

a 

Tryptophane 

0.94 

1.76 

0.15 

present 

1.94 

Tyrosine 

2.84 

1.55 

2.38 

1.56 

1.86 

Valine 

1.04 

O 

0.15 

0.69 

0.68 


° Not determined. 

6 Undetermined Isoleucine may be included in "Leucine.” 


and of protein. Its protein showed a nutritive efficiency comparable 
with animal protein, as has also been found by other investigators. 

The mature legumes are also excellent sources of thiamine. Ordi¬ 
nary dry beans have essentially the same thiamine content as whole 
wheat; dry peas have somewhat more; and soybeans have distinctly 
more than the peas, and about 80 per cent more than whole wheat. 

The large increase of production of soybeans in the United 
States during the war has shown that our supply of mature legumes 
and their products as human food can readily be increased several¬ 
fold whenever this seems likely to meet the needed support of con¬ 
sumer demand. 


SOYBEAN FLOUR IN MACARONI PRODUCTS 

In 1946 soybean flour was recognized by the Food and Drug Ad¬ 
ministration as an alternative to added wheat gluten, “gum gluten,” 
in macaroni products as explained by the following quotation from 
Federal Register of July 6-9, 1946: ‘ 
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“Findings of fact. 1. Wheal gluten is composed of two proteins, gliadin 
and glutenin. The commercially prepared gluten product used in the 
United States for increasing the gluten content of alimentary pastes is made 
by washing the starch from Hour and drying the remaining sticky mass at 
a low temperature. The resulting product contains approximately 80 per¬ 
cent protein and is commonly known as ‘gum gluten.' 

“2. Alimentary pastes to which gum gluten is added, with resulting 
increase in the protein content, for which representations are made, fall 
into two general groups, one in which the gluten content of the finished 
product is increased to 18 or 20 percent, the other in which the gluten con¬ 
tent is increased to approximately 40 percent. 

“3. Alimentary pastes containing sufficient added gum gluten to raise 
their gluten content to approximately 40 percent are known as ‘gluten 
macaroni,’ ‘gluten spaghetti,' etc., and are sold almost entirely in stores 
of the type usually referred to as ‘health food stores.’ I hese pastes are con¬ 
sumed principally by persons suffering from diabetes or persons on so-called 
reducing diets. When thoroughly cooked such alimentary pastes are not 
unpalatable but their taste, appearance, and other physical properties differ 
considerably from those of ordinary macaroni products, and more time is 
required for their cooking. Recently, soy flour has been used in some of 
these foods, in lieu of a part of the gum gluten ordinarily added. 

OTHER SEEDS: FRUIT-VEGETABLES 

Green (immature) peas are grown in quantity both for fresh con¬ 
sumption and for canning or freezing. In the United States about 
210,000 tons of peas per year are canned or frozen—about one-third 
as much as of corn and about one-seventh as much as of tomatoes. 

The use of peas as human food is said to be traceable back to 
the Stone Age, and was often mentioned by ancient Greek and 
Roman writers. Peas are popular in the United Kingdom, Russia, 
and the United States. In this country different varieties of peas are 
preferred for garden-growing and green shelling, for canning, and 
for the growing of mature, dry peas. Both garden-type and canning- 
type peas are used for commercial freezing. There has also been 
developed, though not yet (1947) widely used, a distinct edible- 
podded type of peas of which the succulent pods and immature seeds 
are eaten together as with green (snap or string) beans. 

Snap beans are very widely grown in home gardens and for fresh 
marketing. They are also canned in quantities less than, but some¬ 
what approaching those of peas. They exemplify the fact that other 
green foods share with leaves the property of vitamin A value (Fig. 
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Fig. 15. Siring; beans as source of vitamin A. Weight curves of three rats which 
at first were fed a diet deficient in vitamin A. All grew well for some time by 
virtue of the vitamin A which they had previously stored, but after a time be¬ 
gan to weaken and lose weight and all developed the characteristic eye dis¬ 
ease due to lack of vitamin A. Upon adding string beans to the diet the eye 
trouble soon disappeared and the animals all quickly recovered in weight and 
strength and again grew at a rapid rate, showing that the string beans fur¬ 
nished liberal amounts of vitamin A. 

15). Snap beans are eaten through such a wide range of maturity 
that successive harvests even from the same plants can make a varied 
series of essentially different “dishes.” Flynn, et al. (1946) recognized 
six distinct edible stages: very immature, slightly immature, medium 
maturity, overmature, markedly overmature, and mature dry seeds 
(eaten without the pods). Carotene concentration and carotene con¬ 
tent decreased with increasing maturity, the edible pods always 
contributing more of the carotene than did the seeds. Ascorbic acid 
and riboflavin also belonged rather to the pods than to the seeds 
and decreased with advancing maturity. Thiamine tends to be con¬ 
centrated in the seed as it matures. The transport of phosphorus to 
the seed has also been studied by Sherman and Ragan (1942). The 
ratio of calcium to phosphorus is higher in the pods than in the seeds. 

Both green peas and snap beans could well be given more promi¬ 
nence in our food habits. Both are capable of largely increased pro¬ 
duction to meet growing consumer demands without increase of 
prices (relative to the general price level); and can easily be grown 
in larger amounts in home gardens. Both are good sources of protein. 
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calcium, and iron, and have good vitamin A value—though these 
facts may be somewhat hidden by their high moisture content. 
Weight for weight, both contain when fresh about as much vitamin 
C as tomatoes—though they require more care than do tomatoes in 
order to conserve the vitamin C values to best advantage. Both—as 
well as green Lima beans—excel tomatoes in botli thiamine and 
riboflavin content. 

Tomatoes are, however, a food of large importance in view of 
the quantities produced and consumed, and of the high degree in 
which they retain their vitamin values through ordinary conditions 
of marketing, processing, and storage. As tomatoes are a standby 
in home gardens, so also the growing of tomatoes for canning is a 
large agricultural industry in itself. And canned tomatoes have been 
made a more attractive food by the now common addition of a little 
calcium chloride to increase the firmness of the flesh of the tomato, 
and obviously too its value as a source of calcium in the dietary. 

Hamner, Bernstein, and Maynard (1945) found, in very extended 
and systematic experiments, that the vitamin C content of tomatoes 
was not significantly influenced by soil or fertilization, but depends 
largely upon the duration and intensity of the direct sunshine that 
the fruit receives. Genetic or varietal differences may also be im¬ 
portant. The vitamin A value of tomatoes seems also to be but little 
influenced by soil or fertilization. T hus the studies of tomatoes gi\e 
emphasis to both genetic and environmental factors as causes of 
difference in nutritive value. But among the environmental factors, 
sunshine seems a more, and the soil a less, potent influence upon 
nutritive quality than has perhaps been generally anticipated. The 
fertility of the soil has however a large influence upon the crop yield 
and thus upon the production of vitamin C per acie. 

Other fruit-vegetables include eggplant, green peppers, and the 

cucurbits (cucumbers, squashes, etc.). 

ROOTS AND TUBERS, BULBS AND STEMS 

Potatoes are quantitatively our outstanding vegetable, the only 
one of which per capita consumption in the United States approaches 
one-half a pound a day. At ordinary prices they are a cheap source 
of food calories. Also, due to the relatively large quantities eaten, 
their vitamin C value, though low per gram in comparison with 
certain fruits and salad greens, is an important factor of safety, espe¬ 
cially in inexpensive diets. In a similar manner their iron content 



238 


VEGETABLES 


makes them of real importance in low cost dietaries. McCollum 
attributes the popularity of the potato to the fact that it has no 
pronounced flavor. The potato is a native of America, said to have 
been first found in Chile, and it was not commonly cultivated in 
Europe until the seventeenth to eighteenth century. As potato cul¬ 
ture became common in Europe, scurvy became uncommon except 
when the potato crop failed. 

Potatoes were the first vegetable for which Federal standards 
were formulated. These standards are, however, subject to revision, 
so the reader who is interested in the details should write to the 
U. S. Department of Agriculture for the specifications current at 
the time. The first officially recognized grades were, beginning with 
the highest, U. S. Fancy, U. S. No. 1, and U. S. No. 2. 

Structure of the potato. Since the potato tuber is in reality a 
thickened stem, it can be seen to consist of fairly definite anatomical 
parts. The following description is taken from Langworthy, Farmers’ 
Bulletin No. 295 of the U. S. Department of Agriculture. 

The outer skin of the tuber consists of a thin, grayish brown, 
corkish substance and corresponds roughly to the bark of an over¬ 
ground stem. If a crosswise section of a raw potato is held up to the 
light, three distinct parts besides the skin may be seen. The outer¬ 
most one is known as the cortical layer and may be from 0.12 to 0.5 
inch in thickness. This layer is slightly colored, the tint varying with 
the kind, and turns green if exposed to the light for some time, thus 
showing its relation to the tender green layer beneath the bark of 
aboveground stems. It is denser than the other parts of the potato 
and contains many fibrovascular bundles, especially on the inner 
edge, where a marked ring of them plainly separates this layer from 
the next. The interior or flesh of the tuber is made up of two layers 
known as the outer and inner medullary areas. The outer one forms 
the main bulk of a well-developed potato and contains the greater 
part of the food ingredients. The inner medullary area, sometimes 
called the core, appears in a cross section of the tuber to spread ir¬ 
regular arms up into the outer area, so that its outline roughly sug¬ 
gests a star. It contains slightly more cellulose and less water and 
nutrients than the outer medullary portion. These four parts of 
the tuber are shown in Fig. 16. 

The corky skin of the potato makes up about 2.5 per cent of the 
whole, and the cortical layer 8.5 per cent, leaving 89 per cent for 
the medullary areas. • 
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Fig. 16. Transverse and longitudinal sections of the potato; (a), skin; (/>), 
cortical layer; (c), outer medullary layer; (</). inner medullary layer. (U. S. Dept. 
Agriculture.) 

As in other plant forms, the framework of the tuber is made up 
of cellulose. Cellulose forms the walls of a network of cells, which 
in turn form the body of the tuber. These cells vary in shape and 
size in different sections of the tuber according to the part they play 
in its life. In the flesh they serve mainly for storage, and in them 

lie the starch grains. (See Fig. 17.) 

Composition of potatoes. In round numbers the potato contains 
2 to 2.5 per cent of protein; 18 to 20 per cent of carbohydrates, chiefly 
starch; almost no fat; about 1 per cent of ash; and 75 to 79 per cent 
of water. As would be inferred from the structure, the composition 
is not entirely uniform throughout the same tuber. In general the 
part of greatest nutritive value is that nearest the skin. 

In young tubers there is a larger proportion of sugars and less 
starch than when they have become mature. As the tuber lies in the 
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Fig. 17. Changes of potato starch cells in cooking: (a), raw; ( b ), partially 
cooked; (c), thoroughly cooked. (U. S. Dept. Agriculture.) 


ground the starch content increases. The effect of cooking on the 
mechanical condition of the potato cells is shown in Fig. 17. 

Digestion experiments with potatoes fed in considerable quantity 
to healthy men have been reported by Rubner, by Snyder, and by 
Bryant and Milner, who found respectively 68, 72, and 73 per cent 
of the protein and 92, 93, and 99 per cent of the carbohydrate uti¬ 
lized. Thus the fuel value of the potato is as well utilized as that of 
most foods, and about 70 per cent of the protein is digested and 
absorbed. Rose and Cooper have shown that potato protein is of 
high nutritive value; in animal feeding still better results are ob¬ 
tained when potato protein is supplemented by cystine. 

Sweetpotato is now commonly written as a single word to mark 
it as a “synthetic” term inasmuch as it does not belong to the same 
natural or botanical species, genus, or family as the potato. Agricul¬ 
turally and dietetically, however, potatoes and sweetpotatoes are 
largely interchangeable, sweetpotatoes occupying much the same 
place in the South that potatoes do in the North. Economically 
these are such important crops in their respective regions that the 
Regional Research Laboratories are giving attention to the develop¬ 
ment of industrial uses for surpluses. At least equal attention ought 
to be given to the question whether consumers are taking as much of 
these crops for food, as they could to their nutritional advantage. 

As may be seen from Table 6 in Chapter III, Americans spend 
only 3 per cent of their food money for potatoes and sweetpotatoes 
while they receive in return, from this food-group, 5 per cent of 
the calories, 3 per cent of the protein, 2 per cent of the calcium, 7 
per cent of the iron, 6 per cent of the vitamin A value, 8 per cent 
of the thiamine, 4 per cent of the riboflavin, and 13 per cent of the 
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vitamin C, of their total food. On only one of these 8 points does 
the potato-sweetpotato food-group lail to furnish its full quota; ol 
protein it furnishes just its share; and of each of six out ol the eight 
nutiitional factors this food-group furnishes from 133 per cent to 
433 per cent of its share. 

We may well consider whether a food-group which does so much 
more than its duty in our nutrition should not be promoted to a 
higher place in our food habits and food budgets. To eat more of 
this food-group would be entirely in harmony with our traditional 
food habits. For, according to Clark, Friend, and Burk (1916) our 
per capita consumption from this group was 208 pounds in 1909 but 
only 143 pounds for the average of the five years 1935-39 or in 1945. 
During most of that 30 to 35-year period of declining consumption, 
the consumers lacked the newer knowledge of the nutritional im¬ 
portance of potatoes and sweetpotatoes. Now that we have this 
knowledge it is to be hoped that we shall act upon it and bring larger 
amounts of these foods into the average American dietary. 

The high nutritive efficiency of potato protein as found by Rose 
and others in nitrogen-balance experiments with human subjects 
has already been mentioned; and the chemical studies of Jones and 
coworkers have shown that sweetpotato proteins are very similar. 

The Agricultural Experiment Stations of Georgia and North 
Carolina have cooperated in an investigation of the effects of ferti¬ 
lizer treatments, curing, storage, and cooking upon the carotene 
content (vitamin A value) and the vitamin C content of sweetpota¬ 
toes (Speirs, et al., 1945). The variety of sweetpotato known as Unit 
1 Porto Rico” was used. This was found to retain its original caro¬ 
tene content from time of harvest through curing and six months of 
storage under controlled conditions. About 10 per cent of their 
carotene was lost on boiling, and about 24 per cent on baking 

Of the vitamin C, 17 per cent was lost in curing; and during 
storage there was a loss of about 6 per cent of the amount present, 
per month. No measurable loss of vitamin C was observed in boiling 

or baking whole sweetpotatoes. 

A wide range of fertilizer treatments had relatively little effect 
upon any of the factors of nutritive value studied in these experi¬ 
ments. 

In its general composition, sweetpotato is somewhat like potato 
diluted with about one-tenth its weight of added sugar; but in cal¬ 
cium the sweetpotato is richer than the potato; and in vitamin A 
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value the sweetpotato is very rich, while that of the potato is negli¬ 
gible. 

Carrots are, like sweetpotatoes, exceptional roots in that the 
species to which they respectively belong have so evolved as to store 
relatively large amounts of carotene in their roots. It is this which 
gives sweetpotatoes and carrots their high vitamin A values, because 
in our bodies the carotene is changed into vitamin A. 

The edible roots of the beet, parsnip, and turnip do not contain 
any significant amounts of carotene nor show any important degree 
of vitamin A value in feeding experiments. (The yellow coloring 
matters in some varieties of turnips are not carotenes.) 

Donelson, et al. (1943) found that beets, cabbages, carrots, onions, 
and potatoes grown in different places even in the same region may 
vary appreciably in calcium, phosphorus, or iron content; but that 
a high iron content of the soil does not necessarily induce an in¬ 
creased iron content of the vegetable. 

Onions constitute our chief case of the use of a vegetable bulb 
as a food. The chief direct nutritive value of the onion lies in its 
vitamin C, of which it contains about half as much as does tomato. 
Onions, however, have an additional dietary value which is of very 
real importance in that wise use of onions may make palatable a food 
supply otherwise regarded as uninteresting (perhaps because “se¬ 
lected too largely upon nutritional considerations alone”). In the 
United States, our national production and consumption of onions 
is about 6 per cent that of potatoes. 

Asparagus constitutes, in the United States, a crop about one- 
sixth that of the onion crop or about 1 per cent as large as our 
average crop of potatoes. Much of the asparagus crop is canned; and 
the Food and Drug Administration has authorized the use either of 
water or of properly prepared asparagus juice as canning medium 
(Federal Register, May 26, 1945). 

LEAF VEGETABLES 

For about a generation the green leaf vegetables have been highly 
regarded, first as sources of calcium and iron, then also for their 
vitamin A values; but now more recently it has become clear that a 
distinction needs to be made between the leaves of plants of different 
botanical families. This is because the leaves of "the goosefoot 
family” (Chenopodiaceae) contain so much oxalic acid as to render 
their calcium unavailable for our nutrition. Hence we should now 
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teach clearly that what we formerly taught as to the nutritional 
merits of green leaves generally is not true of the leaves of the Chcno- 
podiaceae which includes beets, chard, and spinach. 1 hese should 
therefore be excluded from our recommendation ol leaf foods. But 
all that has been held and taught regarding the merits of the green 
leaf vegetables still holds good lor those ol at least the lollowing: 
(1) the Compositae, including dandelion, endive, escarole, and let¬ 
tuce; and (2) the Cruciferae, including broccoli, Brussels sprouts, 
cabbage, collards, kale, mustard greens, turnip greens, and water 
cress. One’s choice of a green vegetable should be made from among 
these rather than from the goosefoot family. If the retail dealer 
carries no such choice he can be taught to do so by consumer de¬ 
mand. 

To the question, "Why not continue to recommend spinach for 
its iron and vitamin A value?”, the reply of the openminded will be 
that one is not justified in recommending spinach now that it is 
scientifically known that other available greens are so much better. 

Let us make frank and full confession that spinach was a mis¬ 
taken choice as a green to be especially recommended, and let us 
now promote broccoli, loose leaf cabbage, collards, kale, loose leaf 
lettuce, mustard greens, turnip greens, or water cress. 

Mallon and Urey (1941) made separate determinations of calcium 
in the outer and inner leaves of two varieties of head lettuce grown 
in California. Three samples of the variety California Iceberg No. 
152 showed respectively 0.089, 0.105, and 0.111 per cent of calcium 
in the outer, and 0.019, 0.033, and 0.027 per cent in the inner, leaves. 
Two samples of New York Imperial No. 615 showed 0.093 and 0.096 
in their outer, and 0.030 and 0.031 per cent in the inner, leaves. Thus 
with both varieties it was found that the outer leaves of lettuce which 
are usually rejected were 3 to 5 times as rich in calcium as the inner 

leaves constituting the tight head ordinarily eaten. 

As already noted briefly, the green vegetables are very important 
for their contribution to the vitamin A value of the diet. 

In full-life, successive-generation experiments with rats, in the 
department of chemistry, Columbia University, it has been shown 
with full statistical convincingness that an already-normal level of 
health is improved at all ages when the average vitamin A value of 
the diet is doubled. While the measured nutritional improvements 
of the life history were made upon rats and there is no mathematical 
formula for translating the gains directly into precise data of human 
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life, there is no reason to doubt that the general finding as just stated 
K as valid in human, as in rat, nutrition. 

A simple way of doubling the vitamin A value of the average 
American dietary is by adding 2 to 3 ounces of kale or its equivalent 
per person per day. The suggestion of the Nutrition Foundation 
(Research and the Science of Nutrition, p. 30) is: “Green leafy foods, 
sweetpotatoes, green peas, apricots, butter and broccoli, all of which 
provide a liberal amount of vitamin A, could be increased in human 
dietaries with little or no increase in cost in most families.” 

As explained elsewhere, a decided preference should be given to 
the green leaves of other than the goosefoot family. 

I'he name folic acid —for the substance or closely related group 
of substances previously designated as vitamin M and later as 
pteroylglutamic acid —is of course a recognition and reminder of 
the fact that leaf vegetables are good sources of this vitamin. 

Several of the leaf vegetables are also rich in vitamin C. Some of 
them, in fact, contain so much of this vitamin when fresh that even 
after cooking they are still among the rich sources. 

GREEN AND YELLOW VEGETABLES AS A FOOD-GROUP 

It is because of the vitamin A value due to their carotene content 
that green and yellow vegetables are often bracketed together as a 
food-group. There are at least three carotenes: alpha-, beta-, and 
gamma-carotene, respectively, of which beta-carotene is of highest 
vitamin A value and most characteristic of our familiar green and 
yellow vegetables. The carotene color is that of the fleshy root of 
the carrot or of the sweetpotato; and also that of yellow-fleshed 
pumpkins and squashes, and the yellow endosperm of some varieties 
of maize, such as Golden Bantam sweet corn. Green vegetables are 
believed to owe their vitamin A values to carotene, the color of 
which is hidden by the intense green color of chlorophyll; and this 
not only in leaves but also in such other green tissues as those of 
green peas, green peppers, snap beans, and asparagus. Deep green 
leaves such as those of broccoli, collards, or kale, and the highly 
colored roots of carrot or sw-eetpotato are apparently rather variable 
in their vitamin A values; but all so rich as to be important sources 
notwithstanding the varied findings as to their carotene content and 
the exact measure of its availability. 

For several years there has been growing recognition of—and 
consumer demand for—the green-and-yellow food-group. Per capita 
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consumption of these foods in the United States is estimated by the 
U. S. Department of Agriculture to have grown from an average of 
74 pounds a year in 1909-14 to 100 pounds a year in 1935-39, to 121 
pounds in 1944, with a preliminary estimate of 134 pounds for 1945 
(Clark, Friend, and Burk, 1940). As these foods are economical sources 
of vitamin A value, and as recent and current research shows that 
dietaries of high vitamin A value confer even greater benefits than 
hitherto realized, a further growth of consumer demand for green 
and yellow vegetables is to be expected; and we are assured by the 
experts in agricultural economics, farm management, and marketing, 
that an increased consumer demand can readily be met by producers 
and distributors. 

It is not to be assumed that the increased consumption above 
noted has "saturated the market,” for dietary surveys show that a 
considerable proportion of families remain still to be educated to 
the benefits to be derived from the promotion of green and yellow 
vegetables to a higher place in their dietaries and food habits. 

Broccoli. Broccoli is of special interest as a plant whose leaves, 
flowerbuds, and twigs are all edible. It is also a fairly sure crop, 
leadily grown both by truckfarming methods and in home gardens, 
and (especially in the latter case) yielding a succession of harvests 
through an exceedingly long season. Compared with cauliflower, the 
only other vegetable which consists largely of the flowerbud of the 
plant, broccoli is of much higher nutritive value, as well as being a 
more colorful and interesting footl. From the same broccoli plant 
one may pluck a succession of harvests extending throughout a large 
part of the calendar year. And the broccoli as served can be given 
wide variety in its character according to the relative proportions of 
flowerbuds, leaves, and twigs included in the edible portion. Com¬ 
parative (partial) analyses of the three organs as appearing in the 
edible portion are shown in Table 27. 

TABLE 27. PARTIAL COMPARISON OF THE ORGANS OF 
BROCCOLI (EDIBLE PORTION) 


ORGAN 

CALCIUM 

PHOSPHORUS 

VITAMIN A 

VALUE 

RIBOFLAVIN 


per cent 

per cent 

IV-/gram 

meg./100 g. 

Leaves 

0.262 

0.067 

180 

450 

Flowerbuds 

0.061 

0.105 

90 

272 

Twigs 

0.082 

0.035 

trace 

225 
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BREEDING, MARKETING, AND STORAGE 

Improvements effected by systematic breeding have been fairly 
fully treated by the United States Department of Agriculture in its 
Yearbooks for 1936 and 1937. 

Marketing is a large subject in itself. Generally speaking, it can 
be considered in this book only in such cases and in so far as it be¬ 
comes an especially influential factor in the nutritive value of a 
food, or its place in the diet. 

Storage is important both with fruits and vegetables grown for 
home consumption and those that are marketed. In addition to 
scientific study of the temperatures and humidities at which different 
foods may best be stored, recent research has taken up the problem 
of modifying the composition of the atmosphere in which fruits and 
vegetables are held. Platenius and Jones (1944) working with aspara¬ 
gus, broccoli, snap beans, kale, Brussels sprouts, peas, and spinach, 
found that in all seven of these vegetables vitamin C was better con¬ 
served when storage was in an atmosphere of lowered oxygen con¬ 
tent. Whether this will be a sufficient consideration to induce the 
necessary expenditure upon equipment for such storage is still a 
problem. Meanwhile it is now demonstrated that the value of vege¬ 
tables is best preserved when they are only moderately ventilated 
in storage. Enough ventilation to prevent heating is all that good 
storage requires. 

CANNED, DRIED, AND FROZEN VEGETABLES 

The development of canning, both in the commercial canning 
establishment and in the home, has had far-reaching nutritional and 
economic consequences. It has extended the supply of perishable 
vegetables throughout the year by preserving the surplus crop in a 
form which resembles the cooked fresh product closely in appear¬ 
ance, flavor, and most aspects of nutritive value. Canning has also 
provided for the utilization of the products of regions especially 
adapted to the growing of certain vegetables but too far from large 
centers of population to be an important factor in the fresh vegetable 
supply. 

From its early beginnings as an outlet for surplus fresh and edible 
culls, commercial canning has developed to the stage where crops 
are grown specifically for canning purposes. When, as a result of 
experience or experimentation, it has been found that a few varieties 
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of a vegetable are most satisfactory for canning, seed of such variety 
or varieties is distributed by the cannets to growers under contract 
to deliver their entire crop to the canning factory. On the other 
hand, the pack of asparagus in California canneries fluctuates with 
the demand for fresh asparagus in Eastern markets. 

Steps in canning vegetables. Corn, peas, and tomatoes are quanti¬ 
tatively most prominent among canned vegetables. The method for 
canning corn and peas is representative of vegetable canning in 
general; tomatoes, because of the absence of coarse fiber and their 
relatively high acidity, aie treated more like the fruits to which they 
belong in a botanical classification. 

The raw material for canning is graded as to size, maturity, and 
freedom from blemishes. The inedible portion is removed, if possible 
by mechanical means, and the edible portion subdivided if necessary. 

Blanching in steam or boiling water often follows to remove 
strong flavors and to increase the pliability of the vegetable, thereby 
facilitating packing in the cans. The blanching process may also be 
designed to destroy enzymes which otherwise might cause undesired 
changes in the stored canned product. Some vegetables are pre¬ 
cooked before packing. 

To the vegetable in the can is commonly added a dilute brine, 
which sometimes contains a small quantity of sugar. It is important 
that both the water and the salt should be free from impurities. 

The filled cans are exhausted (heated) before sealing (1) to drive 
off air from the contents of the can, thereby reducing corrosion of 
the metal on storage, (2) to produce a partial vacuum on sealing (the 
slightly concave shape of the ends of a stored can serve to indicate 
that the vacuum still exists and that the contents are likely to be 
in good condition), and (3) to prevent undue strain upon the can 
through pressure of the air inside during the subsequent steriliza¬ 
tion. Exhaustion may also take place under a mechanically produced 
vacuum; this method is used regularly in packing vegetables in glass. 

After the period of exhaustion, the cans are sealed and processed. 
The purposes of processing are to render the product approximately 
sterile and to improve its texture and flavor by cooking. The time 
and temperature of processing vary with the ease of cooking the 
product and the ease of sterilizing it. Ease of cooking in turn depends 
chiefly upon the amount and character of fiber in the product and 
the size of the pieces. Ease of sterilization varies with the acidity and 
with the rate of heat penetration. Large size cans obviously require 
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longer processing than small cans. Semi-solid packs, such as corn, 
pumpkin, and sweetpotatoes, in which heat transfer must take place 
principally by conduction, are more difficult of sterilization than 
peas or beans, for example. Tomatoes, with an acidity of pH 4.3 and 
a pack which permits rapid heat penetration, can be processed at 
212° F. for 15 to 25 minutes, while corn requires a temperature of 
215 to 250° F. for 80 to 90 minutes. 

Sieved vegetables for infants and individuals are among the 
newer additions to canned vegetables. In preparing the vegetable 
by mechanical means and in sterilizing a finely divided product, 
special care must be observed to retain as much as possible of the 
vitamin and mineral content of the raw product. The Council on 
Foods and Nutrition of the American Medical Association has 
formulated the following decision in passing on the sieved fruits 
and vegetables submitted for its approval: 

"Sieved fruits or vegetables prepared for the feeding of infants 
and children or for other special diets shall retain in highest degree 
possible with the most efficient available manufacturing methods the 
vitamin and mineral content of the raw fruits or vegetables; products 
with materially reduced vitamin or mineral content shall bear appro¬ 
priate and prominent declaration to that effect.” 

In composition and nutritive value canned vegetables are gen¬ 
erally comparable to vegetables cooked in water outside of the can. 
The Government’s Tables of Food Composition (U. S. Department 
of Agriculture, Misc. Publ. No. 572) include estimated average values 
for canned as well as for raw foods. 

According to a distinction sometimes but not always made, food 
preserved by drying in the home or in outdoor air is called dried 
while foods which have been dried by industrial processes are called 
dehydrated. 

Relative prospects for drying and freezing. There is no reason to 
doubt the continuation of the age-old importance of dry mature 
beans and peas. The future of dehydrated vegetables is still (1948) an 
open question. Unquestionably dehydration permits great economies 
in storage and transportation which may be very important in war¬ 
time or special emergencies; but it is very generally felt that it is 
doubtful if vitamin C can usually be as well conserved, or if the food 
as served can usually be as pleasing when preservation is by dehydra¬ 
tion as when it is by canning or freezing. It may be that, aside from 
those fruits which consumers are accustomed to receive in dried 
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form, dehydration may find its future with those foods, stuh as soups, 
in which preparation for the table does not necessitate reconstitution 
of an original texture. On the other hand, it is generally held that 
there is a large future for frozen foods if their j>reparation and dis¬ 
tribution can be made sufficiently economical. 


DIGESTIBILITY OF VEGETABLES 

One of the values of vegetables as food is that they are not com¬ 
pletely digested. That the final intestinal residue of the food-mass 
of each day or even of each meal shall contain enough undigested 
vegetable fiber to be amenable to the peristaltic action ol the muscu¬ 
lar walls of the alimentary tract is desirable. 1 his may, however, mean 
a lowered “coefficient of digestibility” of the accompanying lood pro¬ 
tein. Thus in Atwater's average findings ol coefficients of digesti¬ 
bility of 97 per cent for animal proteins, 85 per cent for cereal pro¬ 
teins, 78 per cent for those of dried legumes, and 85 per cent lor the 
proteins of other vegetables, the true differences in (literal) digesti¬ 
bility are doubtless exaggerated by the fiber present in the vegetables 
and cereals. For example, when a preparation of soybean protein was 
fed separately from the rest of the soybean, this legume protein 
showed a coefficient of digestibility of 90 per cent or very nearly 
equal to Atwater’s average for animal proteins. 


PLACE OF VEGETABLES IN THE DIET 

Recent progress of scientific knowledge of the nutritive values 
of vegetables has already advanced the position of these foods in the 
diet, and with increase and diffusion of knowledge the trend will 
doubtless continue. Vegetables and fruits have so much in common 
in this respect that discussion is in part postponed to the closing 
section of the next chapter. 

The following seems, however, to be worthy of note at this point. 

Appreciation of vegetables, especially when one includes among 
them the tomato which is botanically a fruit, has been growing for 
several years. This appreciation has so much and such recent support 
from nutritional knowledge that it will doubtless continue to grow. 
The influence of this relatively recent knowledge of food values upon 
food habits is illustrated in Tables 27 and 28 (Chapter X) and also 
in a record of meals kept by a student of nutrition throughout the 
years 1934 to 1937 inclusive. During this consecutive period of 4 
years (208.7 weeks') this middle-aged nutritionist consumed 7617 
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servings of fruit; 7311 servings of vegetables; 6625 of milk and its 
products other than butter; 5697 of breadstuffs and other grain 
products and bakery goods; 2299 of fats; 1068 of meats, fish, and 
poultry; 312 of nuts; 288 of eggs; and 262 of sugars and sweets (not 
including additions of sugar to foods in cookery). 

The frequency of consumption of fruits and vegetables here 
shown did not exclude any other articles of food, but only moderated 
the prominence of some of them. The traditionally daily American 
“main dish” (of meat, fish, or poultry) appears in this record slightly 
over 5 days per week. The eggs could have supplied the main dish on 
one of the other two days of the week. On the remaining day, the 
main dish was sometimes baked beans or some other form of legume 
such as a liberal serving of a thick pea, bean, or lentil soup. Or the 
central feature on at least one day a week may be a serving of a 
salad which combines liberal amounts of such vegetables, fruits, 
and nuts as one piefers. 

The average American consumption of protein is so high that 
occasional use of salad as an alternative for the high-protein dish is 
entirely consistent with nutritional considerations. 
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CHAPTER X. FRUITS 


CLASSIFICATION AND GENERAL RELATIONSHIPS 

Even after gencial usage has set off as vegetables or as nuts some 
things that fall within a botanical definition of fruits, the term in 
its thus restricted sense still covers a wide range of foods which add 
greatly both to the palatability and to the nutritive value of the 
dietary. While space is not available for a full descriptive classifica¬ 
tion here, a partial classification may help one to keep in mind the 
many potential resources afforded by the fruit supply for making 
our dietaries more enjoyable and nutritionally better balanced at 
the same time. 

In the plan, now increasingly used, of dividing all foods into 
about 10 groups (on combined economic and nutritional grounds) 
citrus fruits and tomatoes are bracketed into one group (with or 
without the addition of salad greens) on account of their richness 
in, and practical importance as sources of, vitamin C. Other fruits, 
together with many vegetables, constitute another “food-group” in 
that plan. 

In »he paragraphs immediately following, some typical fruits 
which play a sufficiently significant part in our food supply, and 
which we should keep in mind in order to make full use of our 
food resources, are sketched briefly. 

Citrus fruits include oranges, grapefruit, lemons, limes, and vari¬ 
ous crosses such as that called the tangelo (from grapefruit and 
tangerine orange). The government tables of food composition (U. S. 
Dept. Agriculture, Misc. Publ. No. 572, 1945) list tangerines and 
“other mandarin type oranges” as one item, while the unqualified 
term “orange” covers all other types. Some writers divide grapefruit 
into the sweeter varieties called “pomelos” and the sourer varieties 
called “shaddocks”; but according to some other authorities the 
words pomelo and shaddock are simply different synonyms for grape¬ 
fruit. Lemons and limes—and perhaps particularly their juices— 
are said to have been frequently confused with each other. British 
sailors came to be called “limeys” because of the so-called lime juice 
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included in their rations for prevention of scurvy, though investiga¬ 
tion revealed that in practice the juice so used was more often that 
of the lemon than of the lime. Both are excellent drinks, each having 
its own taste and “tang.” It is within relatively recent times that 
citrus fruits (and their juices) have grown to occupy so prominent a 
place in our food supply, but they have doubtless “come to stay.” 
Increased consumption of fruit is so desirable, both on nutritional 
grounds and as a means of piomoting the palatability ol the dietary 
as a whole, that we may well look forward to increasing use both of 
the citrus, and of other fruits. 

Pome fruits include apples and pears. The growing of apples has 
been widespread for a relatively long time, and it is stated that at 
least 700 varieties have been independently described. Doubtless 
many of these while distinct in oiigin and recorded under different 
names may be of very similar properties, yet there certainly arc 
dozens of distinctly characterized varieties, each of which has been 
carefully perpetuated because of possessing some advantage as in 
flavor, size, color, texture, eatliness or lateness and keeping quality, 
marketability, special culinary properties, and so on. 

Bananas are, on the other hand, a fruit grown only in the Tropics 
and known in our Northern markets almost exclusively as the one 
variety in which the fruit companies prefer to trade. 

Stone fruits include apricots, avocados, cherries, olives, peaches, 
and plums. Avocados and olives differ from other fruits in their 
high fat contents. The color of the flesh of the apricot is due to a 
relatively high carotene content which gives the apricot a much 
higher vitamin A value than most other fruits. For the same reason 
(though not in equal degree) yellow-fleshed peaches have higher 
vitamin A values than white-fleshed though the vitamin C value is 
not thereby affected. 

Yelloio-fleshed melons similarly have higher vitamin A values, 
but not necessarily more vitamin C, than white-fleshed melons. (As 
melons belong to the cucurbit family, along with cucumbers, pump¬ 
kins, and squashes, they are sometimes treated as vegetables in sta¬ 
tistics of agriculture and food industries.) 

Berries (“small fruits”) add to the food supply the fruit of several 
species—blackberries, blueberries, cranberries, raspberries, straw¬ 
berries and their cultural varieties and crosses (Boysenberry, Logan¬ 
berry, Youngberry). 

As in the case of vegetables, the commercial production of fruit 
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lias tended to become concentrated in large units in specially favor¬ 
able regions. With the development of the refrigerator car and the 
refrigerated ship, and with increasing control over the ripening 
process, distance from market has become of declining importance. 
Itain loads of perishable fruits cross the continent or traverse the 
Atlantic seaboard at a speed comparable to passenger traffic to supply 
large Eastern markets with California, Florida, and Texas fruit. 
This has done much to extend the season for fresh fruits. 

The increased supply of fruit available at moderate cost, the 
rise in purchasing power of the population as a whole, and the 
growing appreciation of the nutritive values of fruits have prob¬ 
ably been the major factors in the increased consumption of fruit 
in this country. 

MARKETING OF FRESH FRUITS 

There is no uniform method of marketing fresh fruits. Producers’ 
cooperative associations play a greater part in the marketing of 
fiuits than of vegetables, largely because the greater investment in¬ 
volved in the former makes for stability and the greater interde¬ 
pendence among neighboring growers leads to consciousness of a 
mutual interest. 

Producers’ cooperative associations differ in organization and in 
methods of operation. For an adequate account of their place in 
marketing, the reader is referred to books on the fruit industries. 
Here it is possible merely to outline the workings of a representa¬ 
tive organization. A large proportion of the growers of California 
oranges, grapefruit, and lemons are organized into local cooperative 
associations, the local cooperatives are formed into district associa¬ 
tions and these in turn are federated into the California Fruit 
Growers’ Exchange. The local associations build packing houses in 
which the fruit of the members is assembled, graded, packed, and 
made ready for shipment. The cost of these operations is usually 
prorated on the number of boxes shipped by each grower. The asso¬ 
ciations have brands for each grade of fruit and each grower receives 
his proportion of the pooled proceeds for each grade. The central 
exchange furnishes marketing facilities for district exchanges and 
associations; it maintains agents in the principal markets in the 
United States and Canada; it furnishes market information to the 
associations and performs other functions for the protection of its 
members and the extension of the industry. Effective cooperative 
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marketing of fruits rests among other things on the establishment 
of a few brands indicating clearly formulated grades. 

GRADING AND STANDARDIZATION OF FRUITS 

With the development of large scale fruit growing, the marketing 
of fruit became a problem for national supervision. In 1915 the gov¬ 
ernment inaugurated a telegraphic market news service; a few years 
later it started a food-products inspection service in the important 
distribution centers and in 1922 this inspection service was extended 
to original shipping points. The activities of the Federal govern¬ 
ment made necessary the formulation of national standards for the 
fruits inspected and reported. In cooperation with representatives of 
growers and distributors, government specialists have established 
grades for the most important fruits. The grades for apples are offi¬ 
cial for use in connection with the Federal farm products inspection 
service; they have also been widely adopted in the various States as 
official standards. 

The following statements in regard to the grading of fruit, vege¬ 
tables, and related products are taken from National Standards for 
Farm Products, Circular No. 8 of the U. S. Department of Agricul¬ 
ture. 

“The terminology used in fruit and vegetable grading has been 
placed on a numerical basis with the exception of a certain premium 
grade provided for products of exceptional quality, which has been 
designated U. S. Fancy, and a U. S. Commercial grade for that quality 
of product that is better than a U. S. No. 2 but not so good as U. S. 
No. 1. The U. S. No. 1 grade is in all cases intended to include the 
major portion of the commodity that has customaiily met the re¬ 
quirements of the best commercial grade. 

“In general, the following factors are considered in determining 
the grade: (1) variety; (2) market quality, based on the state of ma¬ 
turity, general appearance, including desirability of shape and 
color and relative freedom from such defects as cause wastes or un¬ 
reasonable deteriorations; and (3) size.” 

Standards for the following fruits may be obtained from the 
Bureau of Agricultural Economics of the U. S. Department of Agri¬ 
culture: apples, apricots, cantaloupes, cherries (sweet), citrus fruits 
(Florida), citrus fruits (Texas), dewberries and blackberries, grapes 
(American, Eastern type bunch), grapes (juice), grapes (packed in 
sawdust or other packing material), grapes (table), grapefruit (Cali- 
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foinia and Arizona), honeydew and honey ball melons, oranges 

(California), peaches, pears, pineapples, plums and prunes, straw¬ 
berries, watermelons. 

1 he Food and Drug Administration has adopted the definition 
that, “Fresh fruit is fruit which has undergone no material change 
other than ripening since the time of gathering.” 

d ressier and Moyer (1941) found 9.0 milligrams of vitamin C per 
100 g. of edible portion in freshly picked Bartlett pears. In open 
storage at 30° F., these declined in vitamin C content to 6.4 mg. in 
the first month and to 4.9 mg. at the end of the second month; while 
Parallel pears in cans closed except for a small “diffusion hole” (and 
which were found to have an atmosphere of 4 per cent carbon di¬ 
oxide and 17 per cent oxygen) still contained 5.1 mg. after 7 months 
storage and were sound in quality at that time. Thus vitamin C value 
was better conserved in the presence of 4 per cent carbon dioxide. 

CHEMICAL CHANGES IN THE RIPENING OF FRUITS 

During ripening, many fruits undergo distinct changes in com¬ 
position, and these changes may continue after the gathering of the 
fruit. In general the ripening involves a decrease in acid and starch 
with an increase in sugar content. 

Quite elaborate investigations of the changes which fruits 
undergo during ripening have been carried on in the U. S. Depart¬ 
ment of Apiculture and in the Agricultural Experiment Stations of 
fruit-growing states. 1 heir findings have been summarized by the 
Department under the following headings: 

(1) Development of color. 

(2) Softening of the flesh. The complex changes which result in 
the softening of ripening fruits are believed to include partial reso¬ 
lution of the cell walls through enzymatic or other reactions and the 
conversion of protopectin into pectin. 

(3) Changes in soluble solids. Soluble solids tend to increase 
partly through hy drolysis of the starch of the unripe frliit and partly 
throdgh loss of moisture. All fruits studied showed a gain in total 
sugar content during ripening; in some, an increase in sucrose is 
offset in part by a decrease in invert sugar. The change in acid con¬ 
tent is not uniform even for all varieties of the same fruit. With 
winter apples, it was found that the starch content reaches its maxi¬ 
mum about midsummer and then decreases and finally disappears 
almost entirely. This change is strikingly shown by treating the cut 
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surface of specimen a]»j)les with iodine, which colors starch deep 
blue. The decreasing depth of color with decreasing starch content 
as the apple approac hes matin ii\ is readilv seen in Fig. IS. I he acid 



Fig. 18. Showing dec.lease ol st.mli with opening ol apple. (See explanation in 
text.) 


content of the apples was found to decrease Iroin earlv sinninci until 
maturity, while the sugai content increases. 

In bananas also there is a marked comet sion ol state It into sugai 
as the fruit ripens. 

The peach, on the other hand, contains no appreciable amount 
of starch at am time, but shows a steady increase in sugar content 
as it approaches maturity. Todhuntei found that apples, and Hard¬ 
ing, Winston, and Fisher (1910) found that oranges, ripening on 
such parts ol the tree as gave the individual fruit more sunshine 
enabled it to form more vitamin C. Ripening in the orange involves 
decrease of acid with increase of sugar. 

ARTIFICIAL RIPENING OF FRUITS 

It is not always possible to allow fruits to ripen completely on 
the trees or vines. The ripening process continues in many fruits 
after harvesting, hut not always at a convenient rate for effective 
marketing. Other fruits, lemons, for example, may lack color to 
make them appealing when they are ripe enough to be edible. Since 
the discovery by Denny in 1923 that the fumes of ethylene have a 
markedly stimulating effect on the ripening of fruits, this gas has 
been extensively used in large scale handling of certain fruits, no¬ 
tably lemons, oranges, tomatoes, dates, and persimmons. The action 
of ethylene is apparently through a general stimulation of cell 
metabolism. 

Chacc and Church (1927) found no material difference in the 


272 

FRUITS 

composition of fruits which had been allowed to ripen naturally 
and those which had been treated with ethylene. Vine-ripened to¬ 
matoes have been found to have a higher vitamin C content than 
ripe tomatoes which had been picked green; the rate at which vita¬ 
min C develops in tomatoes ripened off the vine does not seem to be 
affected to any marked degree by the use of ethylene. 

It is generally true of the fruits that the degree of maturity at 
which they have their finest flavors is that at which they also have 
their highest vitamin C values. Thus Smith, Farrankop, Caldwell, 
and Wood (1944) wrote, of the cantaloupes studied by them, that 
at optimal ripeness the average vitamin C content of the edible por¬ 
tion was 47 milligrams per 100 grams whereas those that were "edible 
but slightly underripe and too firm" averaged 43 mg.; those slightly 
overripe averaged 38 mg.; while "those decidedly overripe and poor¬ 
tasting” contained about 28 mg. ascorbic acid per 100 gm. 

These investigators found that true cantaloupes were somewhat 
superior to honeydew, Casaba, Japanese, and Persian melons in 
vitamin C content. 

They found no measurable loss of vitamin C in cantaloupes or 
watei melons cut for serving and held at room temperature for up 
to 2 hours as in cafeteria service. 

PRESERVATION OF FRUIT BY CANNING, DRYING, OR FREEZING 

The canning of fruit follows so closely the steps outlined for 
canned vegetables in Chapter IX that only the points of difference 
need be noted here. The fruit may be peeled either mechanically or 
by hand or by dipping in a lye bath followed by thorough rinsing. 
With some fruits lye peeling seems to be preferable in that it pre¬ 
vents loss of juices and cuts down the proportion of waste solid 
material. Tests indicate that no significant amount of lye remains 
on the fruit after adequate rinsing. After the fruit is packed in the 
cans, sugar sirup (or, for the less choice "pie grades,” water) is added. 
The density of the sirup is adjusted to the sourness of the fruit, to 
the chances of dilution from the fruit juices during processing, and 
to the quality of the pack. In general, fancy grades of fruit are packed 
in heavier sirups than the less choice grades. In canning pineapple, 
juices pressed from the peeling and coring machines are commonly 
used as the liquid of the sirup. For details of the processes of canning 
individual fruits, the reader is referred to Cruess’ Commercial Fruit 
and Vegetable Products. * 
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The production of dried fruit is a very large industry in Cali¬ 
fornia, where many thousands of tons of peaches, apricots, prunes, 
and raisins are dried annually. Raisins account for more than half 
and prunes for more than one third of the total consumption of 
dried fruits in this country. 

During most of the year California dried fruit is much cheaper 
(in proportion to the solids contained), even in the Eastern markets, 
than is the corresponding fresh fruit of near-by origin. Much is also 
exported to European countries and sold at prices within reach of 
those who cannot afford to buy their native Iresh fruits. Since it was 
found that the sunshine and dry air of California make out-door 
drying on a large scale practicable, the drying of fruit has become a 
primary industry and not simply a means of utilizing a surplus crop. 
Large orchards are planted specifically for the production of fruit 
for drying. It is claimed that the fruit which is to be dried is as 
carefully chosen and handled with as much cate in every way as 
that which is sold fresh or canned. The fruit is so graded that all on 
a drying tray shall be approximately the same si/e. 

Sun drying is still the method most widely used for fruits which 
can be handled successfully by that treatment. Methods of dehydra¬ 
tion (mechanical drying) have been so materially improved that it 
is now contended by operators of modern dehydrators that properly 
dehydrated fruits are equal or superior to the sun-dried fruits. Cer¬ 
tain advantages are claimed for dehydrated fruit over sun-dried, 
namely, (1) that dehydrated fruits when cooked more nearly resemble 
fresh fruit in color and flavor, (2) that dehydrated fruits are produced 
under more sanitary conditions, (3) that dehydration permits more 
exact control of quality and yield, (4) that dehydrated fruits retain 
vitamin C to a greater degree. However successful dehydration may 
become, much California fruit will doubtless continue to be sun- 
dried because of the reputation which has been established for the 
quality of sun-dried fruits. 

Preliminary preparations are the same for sun drying or dehydra¬ 
tion but differ according to the nature of the fruit. Cut fruits 
(peaches, apricots, and apples) are placed on trays and the trays 
placed in large boxes or small houses under which sulfur is burned. 
This treatment of the fruit with sulfur dioxide (called sulfuring) 
prevents darkening and fermentation during the subsequent air¬ 
drying and', as at present conducted, is said also to protect the fruit 
from insects. It is also claimed that the sulfured fruit dries more 
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rapidly than the untreated. For these reasons it is feasible to dry 
larger pieces when the sulfuring process is used. 

Sul Turing also permits the marketing of dried fruits with a higher 
moisture content, which, of course means that the consumer pays 
for the extra water at the price of dried fruit. Partly for this economic 
reason and partly on account of the fear that sulfurous acid may 
sometimes accumulate in the fruit to an extent not entirely negli¬ 
gible from the health standpoint, the conditions under which sulfur¬ 
ing should be practiced and permitted are still regarded as matter 
for final determination. 

Primes are handled somewhat differently from other dried fruits, 
since they are not cut before drying. In fact the usual definition of a 
prune is a plum of such character as to permit of being dried on the 
pit without fermentation. As a rule the prunes are dipped for about 
a minute in boiling lye to thin and crack the skin, then washed to 
remove the lye and dried in the sun or dehydrated. To insure a 
sterile surface they may be dipped after drying into a boiling solu¬ 
tion of prune juice, glycerin, or salt. Prunes are graded as to size 
before they are packed, the different grades being designated as 30’s 
to 40 s, 50’s to 60's, 90’s to 100's, etc., the figures indicating the ap¬ 
proximate number of fruits in a pound. When computed on the 
basis of cost per pound of pulp the 70’s to 80’s are usually the cheap¬ 
est source of prune pulp. 

Raisins are also dried by special processes; and these differ too 
much according to locality and conditions to permit of-a concise 
general description. 

Dried figs are now produced extensively in California. 

Dales are grown on a limited commercial scale in California and 
Arizona, but domestic production furnishes only a small percentage 
of the dates consumed in this country. 

After fruit is sufficiently dried it is piled in houses or placed in 
boxes or bins, where it goes through a “sweating” process to insure 
more equal distribution of its moisture content. When this has been 
accomplished, the fruit is packed in boxes or cartons. 

Preservation of fruit by freezing storage began with berries about 
1910 in the Pacific Northwest as a means of marketing the surplus 
production. At first the freezing was done only in barrels for sale to 
jam and ice-cream manufacturers and other large-scale users. With 
the recent developments in the technique of freezing and in the 
marketing of frozen foods, an increasing variety of fruits and fruit 
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juices have been offered for sale in iamily-si/c containers. Prominent 
among the many fruit products to be successfully frozen are straw¬ 
berries, raspberries, loganberries, cherries, sliced peaches, and 
orange juice. The addition of sugar to most fruits before freezing 
seems to preserve the color and to a lesser degree the flavor and 
aroma of the fruit; sugar also results in withdrawal of water from 
the fruit and the formation of sirup. As in the other branches of the 
frozen foods industry, developments are taking place so rapidly that 
they must be followed in the current literature on the subject. Forti¬ 
fication of frozen peaches with vitamin C is a relatively recent de¬ 
velopment which may very likely have extended to other fruits by 
the time this is read. 

Velva fruit is a frozen fruit dessert developed by the Western 
Regional Research Laboratory of the U. S. Department of Agricul¬ 
ture at Albany, California. It is composed of fruit puree (fresh or 
frozen), sugar, gelatin (as a stabilizer), and, when desirable, citric 
acid. The mixture is frozen while being stirred in an ice-cream 
freezer to produce a smooth texture. This also results in an overrun 
or volume increase of about 100 per cent. 

FRUIT JUICES AND FRUIT-FLAVORED BEVERAGES 

Three main classes of fruit beverages are generally recognized 
by food inspection officials: (1) fruit juice, according to the defini¬ 
tions of the Food and Drug Administration, is "the unfermented 
liquid obtained from the first pressing of sound, ripe, fresh fruit or 
its pulp, and conforms in name to the fruit from which it is ob¬ 
tained"; (2) fruit-flavored beverages in which the flavor may be either 
true fruit juices or pulp or an oil extract made from the fruit; (3) 
imitation-fruit products, the flavor of which is entirely or predomi¬ 
nately synthetic. 

The Food and Drug Administration and the regulations of most 
states require that the label state clearly whether or not the beverage 
is a true fruit juice; but in practice the distinction between these 
genuine juices and the fruit-flavored beverages is not so sharply 
drawn as would seem desirable in the light of our present knowledge 
of vitamins and mineral elements. 

The juices of many fruits may be tanned or bottled successfully, 
notably apple, grape, grapefruit, and loganberry juice. Orange juice 
tends to lose flavor on canning but better results have been obtained 
by concentration followed by cold preservation. Also, it is very easy 
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to obtain the juice from an orange or oranges in the home, or even 
in the office. 

Lamb (1916) has found both grapefruit and orange juices to re¬ 
tain 98 per cent of their vitamin C during the operation of canning. 
The canned juices were then stored at 70° F. At this temperature 
the canned grapefruit juice lost vitamin C at a constant rate of about 
1 per cent a month throughout the 18 months of the experiment. 
Canned orange juice lost vitamin C more rapidly at first but less 
rapidly later, the observed retentions in the canned orange juice 
averaging as follows at 70° C.: after 2.5 months, 94.4 per cent; after 
6.5 months, 91.5 per cent; and after 12 months, 87.1 per cent. 

Some of the most widely sold “fruit drinks” are only fruit-flavored 
beverages so that even when their vitamin content is well conserved 
it is still far below that of the corresponding true fruit juice. 

The Committee on Foods of the American Medical Association 
has set up the following requirements for fruit juices submitted for 
its approval: “Fruit juices, whether liquid, frozen, or dried, shall be 
prepared and packed in such a manner as to preserve in the highest 
degree possible with the most efficient available commercial methods 
their natural vitamin values; products with materially reduced vita¬ 
min content shall bear appropriate and prominent declaration to 
that effect.” 

VITAMIN VALUES OF FRUITS 

Apples. The government table issued in 1945 credits fresh apples 
with only 5 milligrams of vitamin C per 100 grams. This seems rather 
pessimistic, especially if we consider it in connection with the Food 
and Drug Administration’s definition that, “Fresh fruit is fruit 
which has undergone no material change other than ripening since 
the time of gathering.” As a matter of fact the vitamin C values 
commonly assigned to fresh fruits and vegetables in such tables are 
probably aimed rather to represent the average values that the retail 
purchaser receives than the average values at the time of gathering. 
Such tables are chiefly intended for use in dietary and food-supply 
calculations and the data are apt to be edited from the viewpoint of 
offering as an “average” figure an estimate that leans to the “safe 
side,” that is, to understatement. In the same year with the estimate 
just cited above, Maynard cited the work of Kidson whose data 
showed for the variety of apple of lowest value (in his study) a range 
of from 1.9 to 5.1, and for the highest variety a range of from 17.9 
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to 35.9 mg. of ascorbic acid per 100 g. Obviously the varietal diller- 
ences of vitamin C content are large in the apple. Also the apple 
gradually loses vitamin C value in storage. Further, unfortunately, 
the “Delicious” variety which has been rather assiduously pushed 
as a “table” or "eating” apple now proves to be among the poorest 
varieties in vitamin C content. Such a situation tends to the adoption 
of a less-than-average figure as being what one may “depend upon” 
getting. The true mean content of vitamin C in fresh apples is prob¬ 
ably about the same as in fresh bananas. 

The same table gives a corresponding figure of 33 mg. per 100 g. 
for vitamin C in cantaloupe, which is about four fifths as much as in 
orange, or about halfway between the values for tomatoes and for 
grapefruit. Smith, Burlinson, and Griffiths have studied various 
factors which might affect the vitamin C content of cantaloupes. 
A variety or strain which averaged 29.5 mg. per 100 g. when almost 
full grown but still somewhat green, increased to an aveiage of 40.6 
mg. in fully ripened fruit; then in the decidedly overripe fruits the 
vitamin C content fell to about 20 mg. Cantaloupes which reached 
46. to 50. mg. when ripened in the full sun or with some tree shade, 
reached only 37. mg. when ripened under cloth shade. 

In other studies direct sunshine has been found to induce in¬ 
creased vitamin C formation in oranges and in tomatoes. Straw¬ 
berries are credited in the government tables with a higher vitamin 
C content than oranges, grapefruit, or lemons. Much higher values 
still are recorded for broccoli, collards, kale, mustard greens, and 
turnip greens. These greens with 100 to 136 milligrams per 100 grams 
when raw should still be outstanding sources of vitamin C after cook¬ 
ing. 

Quantitative studies of the extent of the losses of vitamin C in 
the cooking of fruits and of vegetables have given widely varying 
results. Evidently the factors involved are complex and much re¬ 
search will doubtless be needed before generalizations will be justi¬ 
fied. Losses of other vitamins are usually less than those of vitamin 
C. References at the end of the chapter will suffice to put one in 
touch with further studies in this field. 

TRENDS IN CONSUMPTION OF FRUITS AND VEGETABLES SINCE 1920 

Table 28 shows estimates of the U. S. Department of Agriculture 
for per capita consumption in the United States. 
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TABLE *.8. PER CAPITA CIVILIAN SUPPLY OF CERTAIN FRUITS 
AND VEGETABLES IN THE UNITED STATES: 1920-1943 
(U. S. DEPARTMENT OF AGRICULTURE) 


Citrus fruits 
Apples 

Other fresh fruits 

Melons 

Tomatoes 

Green and yellow veg. 
Other fresh vegetables 
Potatoes 
Sweet potatoes 
Canned fruit 

■I • • 

juices 

Dried fruit 
Frozen fruit 
Canned vegetables 

Tomatoes 

Corn 

Peas 

Other 

° Average 1919, 1920, 


1920 

1930 

2G.0 

31.0 

G3.0 

41.9 

56.3 

61.3 

34.5 

35.2 

27.4 

23.9 

72.6 « 

76.9 

75.4 

77.0 

146. 

136. 

34.4 

20.7 

9.4 

12.0 

— 

0.3 

6.5 

5.3 

— 

0.5 

19.2 

29.0 

5.1 

6.4 

4.2 

4.1 

3.4 

4.7 

6.5 

13.8 

and 1921. 



IN 

POUNDS 

1910 

1911 

56.3 

57.1 

29.3 

30.9 

57.0 

59.4 

37.5 

33.4 

28.3 

29.9 

89.1 

87.1 

84.4 

90.2 

131. 

127. 

19.3 

19.8 

17.5 

19.3 

7.1 

8.5 

6.3 

4.5 

1.2 

1.3 

35.0 

38.6 

6.3 

• 5.0 

4.1 

5.4 

5.7 

6.5 

18.9 

21.7 


1912 

1911 

57.0 

59.7 

26.7 

25.2 

46.2 

36.1 

32.2 

30.8 

30.2 

30.2 

94.5 

89.2 

93.8 

85.2 

124. 

130. 

22.1 

22.3 

14.9 

10.0 

6.8 

6.0 

4.3 

5.8 

1.7 

1.4 

38.7 

35.3 

6.1 

5.0 

5.3 

6.1 

5.7 

6.6 

21.6 

17.6 


The most marked trends shown by Table 28 are the increased 
consumption of citrus fruits, green and yellow vegetables, canned 
fruits and fruit juices; with decreased consumption of apples. 

Canned vegetables other than corn, peas, and tomatoes consti¬ 
tuted an increasing item up to 1941 when war conditions began dras¬ 
tically to check the canning of food for civilian consumption. Aspara¬ 
gus, Lima beans, snap beans, beets, carrots, greens, potatoes, pickles, 
pimentos, pumpkin and squash, sauerkraut, succotash, sweetpota- 
toes, tomato juice, catsup, chili sauce, and mixed vegetables are 
among the “other” canned vegetables. 

Preservation of fruits and vegetables by freezing is growing, both 
in variety and volume. Frozen preservation is strikingly successful 
in conserving the fine flavor of peaches. 

PLACE OF FRUITS AND VEGETABLES IN THE DIET 

Advances of nutritional knowledge and of food technology com¬ 
bine to give fruits and vegetables a growing place in the dietary and 
the food supply. 
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From the 1942 nation-wide survey of food costs and consumption 
made by the United States Departments of Agriculture and of Labor 
it appeared that American families were spending 23 per cent of 
their food money for fruits and vegetables and obtaining therefrom 
15 per cent of the food calorics, 13 per cent of the protein, 16 per 
cent of the calcium, 36 per cent of the iron, 58 per cent ol the vitamin 
A value, 29 per cent of the thiamine. 19 per cent of the riboflavin, 
and 92 per cent of the vitamin C, of the entire dietary. 

Thus in terms of nutrients received in relation to cost, the fruits 
and vegetables taken together furnish 4 times their cptota of vitamin 
C, two and one half times their quota of vitamin A value, and at the 
same time about their quota of all other nutrients. Thus, taken to¬ 
gether, the fruits and vegetables of the average or typical American 
dietary constitute a highly advantageous investment of the mone\ 
spent for them. Undoubtedly the growing prominence of these foods 
in our dietaries is beneficial to nutritional well-being, and should go 
farther. Increased consumption of fruits and vegetables will enrich 
the American dietary at two of the points at which further enrich¬ 
ment is most to be desired on nutritional grounds, and at the same 
time will confer other benefits as well. Even the fact that the fruits 
and vegetables furnish only two thirds of their quota of calorics—- 
when compared, as above, with the diet as a whole, on the basis of 
cost—means that the consumer here has opportunity to enrich the 
nutritional intake of beneficial mineral elements and vitamin values 
without unduly increasing the total calories consumed. And again, a 
liberal consumption of fruits and vegetables is physically helpful to 
the digestive process in contributing soft forms of cellulose and hemi- 
cellulose to the food-mass, which add to the efficiency of the “daily 
scrubbing” of the digestive tract without danger of irritation from 
the harshness of some of the more drastic forms of roughage. 

A nutritionally guided increase of consumption of fruits or vege¬ 
tables or both may be of great benefit. This our people have been 
gradually learning for at least a generation past (Table 29). Under 
the combined influence of the newer knowledge of nutritive values 
and the advances in food technology, we may hope for further in¬ 
creases in fruit and vegetable consumption with consequent improve¬ 
ment in nutrition well-being. 

Thus it may be seen from Table 29 that our annual per capita 
consumption of all fruits and vegetables was about 500-550 pounds 
between 1909 and 1934, 566 pounds during 1935-39, and about 600 
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pounds in 1940 to 1945; whereas studies of the fruit and vegetable 
consumption in cases where nutritional knowledge has had more 
than average influence have repeatedly shown rates of more than 


800 pounds a year. 

Fully to give vegetables, fruit, and fruit juices their desirable 
places in our dietaries may well mean a total consumption of about 
3 pounds a person a day of these foods. 

In one case a nutritionist, impressed with the prospect that the 
year’s citrus crop would be larger than those of the past, but not than 
those of the future, kept a record of 3G5 consecutive days’ consump¬ 
tion (ad libitum) of citrus fruits and their juices and found that this 
amounted to 868 pounds. While in this case the citrus fruits had been 
given some degree of priority, other fruits were not excluded, and 
vegetables were eaten in customary amounts. In this case the average 
daily consumption of vegetables, fruit, and fruit juices was probably 
well over 3 pounds a day, and was certainly eaten with enjoyment 
and with sensation of benefit both at mealtimes and after. 

In another case, in a year free from lationing, a middle-aged 
professional man experienced in the quantitative aspects of food 
portions and values, estimated the amount of each kind of food con¬ 
sumed at each meal throughout an exact year. Many ol these meals 
were planned by other people and did not leature Iruits and \cgc- 
tables to the extent that he would have preferred. Here, with only 


such degree of self-determination as can be exercised by almost any¬ 
one without disturbance of prevailing "patterns, the records ol a 
year’s food showed the consumption of 1102 pounds ol fruits and 
vegetables or an average of 3 pounds a day. About one-half ol this 
total was citrus fruit and tomatoes but an exact distribution among 


the different fruit and vegetable “food-groups was not attempted be¬ 
cause of the frequent consumption of soups, stews, or salads contain¬ 
ing fruits and vegetables belonging to more than one group. 

That the guidance of nutritional knowledge now gives greater 
prominence and higher esteem to fruits and vegetables than has 
prevailed hitherto in the Western world is doubtless mainly because 
we now know more than we did before about the importance of 
mineral elements and vitamins in our nutrition, and the values of 


fruits and vegetables as sources of these nutrient factors. 

But there are also other reasons which if less obvious are not 
necessarily less important. As a whole, the fruits and vegetables 
render the body two important services in helping it to maintain a 
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good intestinal hygiene and a wholesomely liberal level of alkaline 

,CSe it V has°a r | SU h PlUS , 0f P °‘ ential,y ba ^ forming mineral elements). 
It has also been shown both by calcium balance experiments with 

cln dren (Chaney and Blunt, 1925) and by actual determination of 
bod, calcium contents of experimental animals (Lanford, 1939) that 
orange ju.ce promotes calcium utilization to a larger extent than 
ten the retention of all of us own calcium in the body would ex¬ 
plain. That is m addition to furnishing nutritionally available cal- 
cum to the body it also increases the efficiency with which the body 
can use calcium from other sources as well. We do not yet know to 
' tat extent this property is or is not possessed by other fruits and 
egetables. As yet (1946) it seems to involve something beyond the 
mincial elements, the citrates, and the known behaviors of vitamins. 

I ere is also further suggestion of some unidentified nutri¬ 
tional asset in oranges in the fact that rats on diets which supply all 
ic.i nutritional needs, show no disadvantage in their life histories 
horn having their diets diluted with orange juice. (Unpublished 

Unhershy ) S ^ G ' S ' Pea ‘ SOn ' de P artmen ‘ of chemistry, Columbia 


diet -1 . P rom,nence of fcctits and vegetables in wartime 

dtetanes has been due to the patriotic promotion of home garden¬ 
ing. It is to be hoped that this stimulus can be sustained and become 
a permanent feature of our peacetime way of life. Suburban land 
awaiting development is much better loaned to fellow-citizens for 
family gardening than to stand in unkempt idleness. And even back 
yards are seldom so small but that at least some fruit or vegetable 
cou d be raised, whtle one of the greatest advantages of the outward 
spread,ng of urban population is that it permits the raising of fruit 
and vegetables for home use. Those who are wise will not try to 
gure whether it pays in a money sense when the value of the time 
spent ,n raising fruit and vegetables at home is counted; for garden¬ 
ing is a wholesome open-air recreation, in itself beneficial to the 
gardener, while all the other members of the family also will be 

benefited by the increased amounts of fruits and vegetables thus 
made available for their consumption. 

Knut Rasmussen ended the long isolation of the Northwestern 
I assage by meeting a trading vessel, of his first sight of which he says: 

1 en minutes later I was on board with my teeth deep in an orange.” 
or over a year he had met his absolute need for vitamin C by eating 
sea! liver raw; but the craving for something like an orange was un¬ 
doubtedly the sound intuition of a healthy man guiding him to still 
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greater efficiency. If he were starting such a journey again he would 
doubtless carry dried lemon juice. Three healthy hikers were for a 
few days completely isolated in the woods with only the dry prov¬ 
ender of their packs: upon reaching the railroad they reconciled 
themselves to what seemed a profiteering price and bought all the 
few oranges that the tiain-vendor had. Afterward even when climb¬ 
ing mountains with all their baggage on their backs they either 
carried oranges despite their weight of water, or exercised the fore¬ 
thought to seek out a supply of dried lemon juice in advance. It is 
well known that children, and often adults too, who would not steal 
anything else, are tempted to petty theft by the craving for fruit; 
and a resident of a “home for the aged” in the city writes pitifully 
of the difficulty of passing the stands of “forbidden fruit” when going 
out for a little walk. It is high time for students of food and nutrition 
to teach confidently that the purchase of fruit is no longer to be 
regarded as a luxury. I t is an inves tment in health, or Jn higher 
health—in buoyant as contrasted with merely passable health. Heie 
isan outstanding opportunity to invest in health and pleasure at the 
same time. 
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CHAPTER XI. NUTS 


THE NUT INDUSTRY 

Nuts arc seeds enclosed in a hard woody or leathery shell that 
does not open when ripe. A large number of products come under 
this general classification, those of chief commercial importance in 
this country being peanuts, almonds, cashews, filbeits, pecans, and 
walnuts. 

The average yearly production and consumption of peanuts far 
exceeds that of all other nuts in the United States. 

Peanuts and pecans are grown chiefly in the Southern states; 
almonds and walnuts are grown on a large scale only in California 
and parts of Oregon. A large part of the crop of both California 
almonds and walnuts and a growing proportion of the pecan crop 
are marketed through cooperative associations which have made con¬ 
siderable progress in the grading and standardization of these 
products. 

Sitton (1944) has shown that high specific gravity indicates in 
pecan nuts both that the meat of the nut well fills the space within 
the shell, and also is of better tharf average quality including flavor. 

All nuts require special preparation for market. Peanuts (which 
are not nuts in the strict botanical sense but members of the legume 
family) require cooking to make them palatable. Roasting is the 
cooking process generally employed; and is carried on to a large 
extent as a supplementary activity of coffee-roasting establishments. 
Cashew nuts must be roasted in order to modify the “corrosive” 
properties of a fluid between the kernel and outer covering of the 
nut. Almonds and walnuts are bleached to insure the light color of 
shell which the maiket demands, sulfur dioxide, hypochlorite, and 
chlorine have been commonly used. It is claimed that if the shell 
has been properly dried, the bleaching agent does not penetrate it 
sufficiently to affect the kernel. The packing of nut kernels in vac¬ 
uum cans is increasing in popularity both because it affords a market 
for nuts not salable in the shell and because it adds to the life of these 
somewhat perishable foods. 
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PEANUTS AND PEANUT PRODUCTS 

The ravages of the boll weevil caused many Southern growers to 
turn trom cotton to peanuts which offered the threefold advantage 
of comparative resistance to insects and disease, a cheap food for 
swine, and a cash crop for sale to the shelling plants and crushing 
mills. The Second World War gave impetus to the growing of pea¬ 
nuts foi oil and protein-rich feed. The nuts are legume seeds develop¬ 
ing in pods just below the surface of the soil (Fig. 19). With maturity 
this pod dries to a shell. 



Fig. 19. Virginia hunch peanuts. (Courtesy of the Bureau of Plant Industry, 
Soils anti Agricultural Engineering, U. S. Dept. Agriculture.) 


After a preliminary cleaning and grading, some nuts are sold 
for roasting in the shell. It is estimated that less than one-fourth of 
the peanut supply reaches the consumer in the unshelled form; the 
remainder are shelled mechanically and graded for further prepara¬ 
tion. Large, fancy peanuts go for the most part to the salted peanut 
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and confectionery industry. Other important uses for peanuts as a 
human food are in peanut butter, peanut oil, and peanut Hour. 

Peanut butter was first produced commercially about 1907 and 
rapidly attained wide popularity. It is generally prepared I tom a 
mixture of Virginia and Spanish peanuts which have undergone a 
preliminary roasting, blanching, and temoval ol the ‘‘heart" or germ. 
The blend of nuts to produce a butter of the desired smoothness and 
oil content is regulated by automatic feeders which deliver the nuts 
to the grinding mill. During the grinding, a good quality of dairy 
salt is uniformly distributed through the peanut butter in propor¬ 
tions varying from 1 to 4 per cent. The finished butter is automati¬ 
cally conveyed to containers in which it may be subjected to heat 
processing, claimed by some to prevent subsequent separation of the 
oil and to improve the keeping quality of the food. Pickett (1944) 
examining large numbers of commercial peanut butters found evi¬ 
dence of good retention of the riboflavin of the peanuts, but large 
and variable losses of the thiamine in the roasting, as practiced up 
to that time. 

Peanut oil is prepared from the less choice nuts and from the 
germs which constitute a by-product of the manufacture of peanut 
butter. Commercial production in this country dates only from the 
two World Wars when the shortage of both animal and vegetable 
oils furnished the needed impetus for technological developments. 
Manufacturing methods may be divided according to the type of 
press. In the expeller press, the nut meats are only slightly heated in 
the conveyor which carries them to the press. The meats arc run 
through rolls which crush them and release the oil from the oil cells. 
By this method there is produced a small quantity of high quality 
oil known as cold-press or virgin peanut oil which when filtered is 
suitable for table purposes without any drastic refining treat¬ 
ment. 

With the hydraulic press, the ground nuts are heated thoroughly 
to facilitate expulsion of the oil. The cooked meal is formed into 
cakes and subjected to high pressure which removes over 90 per cent 
of the oil from the cake. When this hot-pressed peanut oil is to be 
used as human food, it usually requires special refining, which con¬ 
sists essentially of neutralizing the free fatty acids, bleaching, filter¬ 
ing, and treatment with superheated steam to remove the somewhat 
acrid odor. Thoroughly refined peanut oil is nearly tasteless; its 
major use is in the manufacture of margarine; smaller quantities 
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are used in the manufacture of shortening compounds and the better 
grades arc used in salad oils and prepared salad dressings. 

Peanut meal made from the press cake is used extensively in 
animal feeding. Peanut flour for human food has been manufactured 
on a small scale and combined successfully with wheat flour in ex¬ 
perimental bread making. 

Expansion of the peanut industry. The rapid increase of peanut 
production, especially for its fatty oil, under pressure of the wartime 
shortage of lats, has left the United States “faced with surplus pea¬ 
nuts.” As between the alternatives of retrenchment to prewar scale 
versus scientific development of potentialities to make permanent 
and progressive the expansion to which the peanut industry was 
awakened by the war, it is clear that the latter is the more congenial 
to the thinking of the industrialists involved and is also very strongly 
to the advantage of the nutritional well-being of the people gen¬ 
erally. 

Increased growing of peanuts benefits the food situation both 
directly and indirectly. Directly, it augments the supplies of accept¬ 
able food fat, and of protein of high nutritional efficiency. Indirectly, 
peanut growing also increases the ability of the South to expand 
its milk production; for peanut hay is good for the feeding of dairy 
cattle, while that part of the press cake which for any reason is not 
wanted or not well qualified for human consumption constitutes an 
important protein-concentrate for the feeding of farm animals gen¬ 
erally. Also the peanut, as a legume, may and should be made to do 
more for the conservation and improvement of the soil than can be 
expected of the cotton plant. 

Among the developments advocated in the interest of the future 
of the peanut industry are: Use of improved machinery in the plant¬ 
ing, cultivating, and harvesting of peanuts, in order to reduce the 
cost of production; development, selection and treatment of seed 
slock; research upon the effect of fertilization of the soil, and the 
control of diseases and insects which may attack peanuts either 
before, during, or after harvesting; such improvements in grading, 
marketing, and the technology of processing as to yield highei- 
quality products and encourage the development of new ones; ad¬ 
vancing the nutritive values of peanut candies by increasing the 
proportion of peanuts contained in them; development of methods 
for the prevention of off-flavors, rancidity, or staleness, without the 
introduction of any foreign substances of dubious wholesomeness 
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even when consumed as a life-long habit; the development of a 
peanut oil so refined as “would put it in a class by itself; and so to 
improve the technology of the handling, of the nuts and the pressing 
of them for oil, that the press cake shall regularly be suitable lor 
human consumption; development also of such methods of manu¬ 
facturing and packaging as to yield products of higher attractiveness, 
thus helping the introduction of new uses and so increasing present 
ones as to promote the position of peanuts from the status of “extra” 
to that of “staple” foods; and long-term scientific research of at least 
two kinds—nutritional to establish the food values of peanuts with 
greater certainty and precision, and genetic to produce varieties of 
still higher nutritive values;—all these are among the lines of de¬ 
velopment which are under serious consideration by the industries 
concerned at the lime that this is written (1916—47). Any attempt at 
full discussion of agricultural or processing technologies would lead 
beyond the scope of this book and the technical knowledge of its 
writer; yet a few comments from the viewpoint of the food consumer 
seem appropriate. 

The shifting of even a small fraction of cotton acreage to peanut 
culture can importantly augment the protein and vitamin B values 
of our human food supply. Both these crops yield edible oil, and the 
two oils in the refined forms in which they reach the consumer may 
presumably be regarded as interchangeable; and also as having been 
generally accepted by the food trade. On the other hand, there has 
been relatively little acceptance as human food, yet, of the press cake 
from either cottonseed or peanuts though both are rich in protein 
and contain worth while amounts of at least some of the B vitamins. 
Prewar investigations had shown that cottonseed press cake contains 

a deleterious substance; and while this can be so destroved as to 

# 

render cottonseed flour a safe human food, yet it was felt to be a 
handicap that would probably prevent any important use of cotton¬ 
seed flour for human food for several decades to come. With peanuts 
theie was no such inherent difficulty but the common way of pressing 
involved details which were unattractive if not unsanitary and the 
time required to reform these details prevented the prompt expan¬ 
sion of the production of peanut flour for human food which might 
otherwise have been developed and stabilized during wartime when 
increased acreages were being planted to peanuts primarily for the 
sake of their oil. The fact that peanut press cake always finds a 
ready use in stockfeeding tends to delay the bringing of it into the 
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higher use of human nutrition. But appreciation of the latter is 
growing, as is mentioned again in the section beyond upon the place 
of nuts in the dietary. 

TREE NUTS 

Some students hold that “true” nuts grow on trees, that is, they 
feel it inappropriate that true tree nuts should be bracketed with 
the peanut which is only a “lowly legume.” The economically im¬ 
portant tree nuts are coconuts (and their copra), Brazil nuts, and 
cashews, all of which we obtain essentially by import; and almonds, 
walnuts, filberts, and pecans, all of which are grown in the United 
States as well as imported. 

Coconuts and coconut products. Comparatively small quantities 
of coconuts in the shell are imported into the United States from 
the West Indies and Central America for consumption in the fresh 
state or for the preparation of shredded coconut. For shredding, the 
meat of ripe nuts is finely subdivided, mixed with sugar and salt, 
partially dried for packing in cans which are exhausted and filled 
with carbon dioxide before processing, or dried more thoroughly 
for consumption as desiccated coconut. Desiccated coconut com¬ 
monly contains a small amount of glycerin (glycerol) to prevent 
rapid drying of the product during storage. 

Copra. The major part of the importation of coconuts into this 
country is in the form of dried coconut meat, or copra, from which 
coconut oil is obtained. Coconuts grow in greatest abundance in 
southeastern Asia and adjacent islands. In order to avoid deteriora¬ 
tion during shipment and also to reduce the weight of material 
shipped, the meat of the mature kernel is dried at or near the point 
of production. Where the climate permits, the halved coconuts are 
dried by the sun for about 5 days; in regions where rains make sun¬ 
drying hazardous, the broken kernels are dried over a slow fire of 
coconut husks and shells. On a few large estates, a superior quality 
of copra is made by drying the nuts in modern furnaces. 

Coconut oil. Some copra is used immediately for coconut oil but 
the greater part is shipped in the dried form for manufacture into 
oil in the country where it is to be consumed. The first step in the 
manufacture of coconut oil consists in breaking the copra mechani¬ 
cally into pieces the size of an almond which are subsequently ground 
to a coarse meal in a copra mill. The meal is cooked for 2 hours in 
a series of kettles under steam pressure ranging from 20 to 40 pounds. 
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In a typical manufacturing process, the cooked cop)a undergoes a 
double pressing. From the cookers the meal is conveyed to expel lers 
in which the oil is pressed out, leaving a press cake with an oil con¬ 
tent of 20 to 22 per cent. This copra cake is then ground to a fine 
meal, recooked, formed into cakes and placed in hydraulic presses 
in which all but 5 to G per cent of the oil is removed. The oil from 
the expellers and the presses is filtered in a filter press and pumped 
to storage tanks. Coconut oil for food uses goes through refining 
processes consisting essentially of neutralization of the latty acids, 
bleaching, and deodorization. At our room temperatures, refined 
coconut oil is a white solid of somewhat the same degree of softness 
as lard. It is often liquid at the temperatures at which it is handled 
in the tropics; hence the custom of calling it an oil. Its principal 
use as a fat is in the manufacture of margarine, in which connection 
it is discussed further in Chapter XII. 

Almonds, Brazil nuts, cashews, chestnuts, filberts, pecans, and 
walnuts. Nuts of these seven species all are appreciated as adding 
agreeably to variety in our dietaries but are used chiefly as “extra'' 
foods or in confectionery. We might well give them also more of the 
status of staple foods. 

The combined crop of almonds, filberts, pecans, and walnuts 
grown in the United States was estimated by the United States De¬ 
partment of Agriculture as about 160,000 tons for 1916. This is 5 
per cent below the production in 1945, but 22 per cent above the 
average for 1935-44. Of all four of these nuts we add to our supply 
by import, while practically our entiie supply of Brazil nuts and 
cashews is imported. 

Smith, Farrankop, and Wiseman (1945) have given special atten¬ 
tion to pecans, particularly as grown in Arizona. They write that 
although imported nuts are usually considered an expensive luxury, 
“pecans in Arizona should not be so considered. Instead, the high 
food value of pecans should be realized and utilized.'' Thus they 
hold that Arizona pecans may play an importantly increased part 
in the food supply through being "used in the diet interchangeably 
with meat.” Their analyses of 13 varieties of pecans, grown either in 
the Salt River or the Stafford Valleys of Arizona show the pecan to be 
a rich source of protein, fat, and thiamine; and a good source of ribo¬ 
flavin. It is noteworthy that the pecans here studied, while from two 
different sources and of thirteen varieties were reliable, that is, fairly 
constant sources of these vitamins. Their thiamine content ranged 



298 


NUTS 


only from 0.83 to 1.10 milligrams, averaging 0.89 milligrams (889 
miciograms) per 100 grams, thus ranking with soybeans, and above 
all the more commonly used cereal grains and legumes as well as 
most foods of animal origin. The moderate riboflavin content was 
also fairly constant, ranging from 110 to 158 and averaging 135 micro¬ 
grams per 100 grams. 

NUTRITIVE VALUES OF NUTS 

As the reader is doubtless already aware, or may readily see from 
the government tables or Rose's Laboratory Handbook for Dietetics, 
nuts vary considerably from species to species in their chemical com¬ 
position. Some (as chestnuts and Litchf nuts) are starchy, others (as 
coconuts, pecans, and walnuts) arc especially rich in fat, while many 
(as almonds, Brazil nuts, butternuts, and peanuts) are rich in both 
protein and fat. 

Proteins. 1 he nut proteins insofar as they have been investigated 
have shown an amino acid make-up rather similar to that of the pro¬ 
teins of meat and soybeans (compare Table 30 herewith. Table 12 
in Chapter VI, and Table 26 in Chapter IX). 

In the work of Johns, kinks, and GersdorlF, coconut protein was 
found by feeding experiments to furnish all the essential amino acids. 
Since the chemical examination shows it to be fairly high in lysine 
it should be of value as a supplement to the grain proteins. Its lysine 
content of about 6 per cent gives it rank in this respect somewhat 
below the milk proteins and about equal with the proteins of eggs, 
meat, fish, and gelatin. 

Morgan and coworkers have shown that the protein mixtures 
contained in the almond and walnut function efficiently in human 
nutrition. 

Mitchell, Burroughs, and Beadles (1936) found that in such ex¬ 
perimental conditions as showed a biological value of 76 for beef 
round protein, showed a corresponding value of 60 for the protein 
of pecan nuts, while raw and roasted peanut proteins showed values 
of 58 and 56 respectively. Roasting peanuts according to usual com¬ 
mercial practice appeared to depress both the digestibility and the 
biological value of their proteins but only to an insignificant extent. 

In dietary studies and digestion experiments fruits and nuts are 
often considered together, perhaps because a large proportion of 
the accurately recorded evidence was gathered by Jaffa in connection 
with his investigations upon California fruitarians whose diet is one 
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TABLE 30. PERCENT 

'AGES OF 

INDIVID! 

AL AMINO 

ACIDS 


IN NUT PROTEINS 

AMANDIN 

l-XCI-l SIN 

COCONUT 

ar \can\ 

CON A R AC 111N 


(almonds) 

(UK A/ II. 

(.1 OltlH IN 

(1*1 AN! IS) 

( Vf . AXVIS ) 

Alanine 

1.10 

NL' I S) 

2.33 

4.11 

4.11 

o 

Ammonia 

3.70 

1.80 

1.57 

2.03 

o 

Arginine 

12.10 

16.10 

15.92 

13.51 

14.60 

Aspartic acid 

5.42 

3.85 

5.12 

5.60 

d 

Cystine 

0.85 

1.84 

1.54 

1.51 

3.00 

Glutamic acid 

23.1 1 

12.91 

19.07 

19.50 

a 

Glycine 

0.51 

0.60 

trace 

2.05 

a 

Histidine 

1.87 

2.50 

2.42 

1.88 

1.83 

Hydroxyglutamic acid 

a 

d 

d 

d 

d 

Hydroxyproline 

a 

a 

a 

d 

d 

Isolcucine 

a 

a 

d 

O 

d 

“Leucine* 0 6 

4.45 

8.70 

5.96 

3.88 

d 

Lysine 

0.72 

1.64 

5.80 

4.98 

f>.04 

Methionine 

a 

d 


0.67 

2.12 

Phenylalanine 

2.53 

3.60 

2.05 

2.60 

d 

Proline 

2.44 

3.65 

5.51 

1.37 

d 

Serine 

o 

d 

1.76 

5.20 

4.99 

Threonine 

a 

d 

d 

2.56 

2.02 

Tryptophane 

1.37 

2.59 

1.25 

0.88 

2.13 

Tyrosine 

1.12 

3.03 

3.18 

5.50 

o 

Valine 

0.16 

1.51 

3.57 

1.13 

d 


a Not determined. 

b Undetermined isolcucine may he included in "leucine." 


of fruits and nuts. In 28 digestion experiments with 2 men and 1 
woman upon fruit and nut diet the average coefficients of digesti¬ 
bility were: for protein, 90 per cent; for fat, 85 per cent; for carbo¬ 
hydrate, 95 per cent. Apparently the fruit and nut diet was as readily 
and almost as completely digested as would be expected of ordinary 
mixed diet. 

The fact that consistent fruitarians, both adults and children, 
maintain a well-nourished condition on diets of fruits and nuts 
which are of moderate total food value and low protein content is 
strong evidence that the nutrients of the fruits and nuts must be 
well digested and also efficiently utilized in metabolism. This is in 
harmony both with the belief that man is descended from ancestors 
whose chief food was fruit and nuts, and with the results of modern 
investigations of the chemical structure of the nut proteins. 

While, broadly considered, the nuts are similar in nutritional 
character to the grains, in respect to protein they may supplement 
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the P roteins of certain grain products. Eddy and Eckman comparing 
peanut protein with meat protein in this respect concluded that 
when the protein supplementing power of peanut flour is compared 
with that of muscle protein by feeding rations so constituted as to 
contain only about 10 per cent of protein, 6 to 7 per cent of this 
protein being contributed by wheat flour and the rest by peanut 
flour or meat residue, respectively, and when these rations are 
further supplemented with 3 per cent of butterfat, 4 per cent salts, 
and brought to nearly equal caloric value per gram; the peanut 
flour proved slightly superior to the meat. 

Johns reports the quantitative digestibility of the peanut to be 
good. Fed in the form of peanut flour it showed digestibility coeffi¬ 
cients of, protein 89 per cent, fat 96 per cent, carbohydrates 97 per 
cent. Johns and Finks had found that bread made with a mixture of 
35 per cent peanut flour and 75 per cent wheat flour (74 per cent 
extraction) furnished adequate proteins and water-soluble vitamin 
for normal growth. 

The work of Johns and Jones of the Bureau of Chemistry, United 
States Department of Agriculture, has shown that peanut proteins 
are relatively rich in basic amino acids in which the cereal proteins 
are relatively poor. In 1916, they described two globulins from the 
peanut, arachin and conarachin, containing 4.96 and 6.55 per cent 
of basic nitrogen, the latter figure being characterized as the highest 
which had been reported for any seed protein. For comparison of 
individual amino acids, see the figures shown in Table 30. 

Carbohydrates. The carbohydrate content of almonds has been 
studied by Morgan, Strauch, and Blume (1930) who found that 
sucrose made up about one-third, pentosans about one-fourth, and 
crude fiber about one-seventh of the total. Almond meal fed in large 
quantities to rats had marked laxative effects; similar effects had 

been observed by these investigators in earlier studies on human 
beings. 

Mineral elements. Rose and MacLeod, working with grown 
people, found that the calcium of almonds was fairly well utilized 
but in most cases not as well as was the calcium of milk. 

Vitamins. Cajori has shown not only that nuts furnish proteins 
which are adequate for growth but also that they are good sources 
of thiamine and perhaps other vitamins of the B group. This was 
found with almonds, English walnuts, black walnuts, chestnuts, 
Brazil nuts, and pecans. 
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PLACE OF NUTS IN THE DIET 

Nuts in general, being rich in both protein and fat, arc com¬ 
parable with meats as food and may be used interchangeably with 
meat in the diet; in fact they are being so used to an increasing ex¬ 
tent. With the constant tendency toward higher cost of meat, which 
must be anticipated, and with growing knowledge of nut culture, 
we may look for a much larger use of nuts as alternatives for meat 
in the future. Even at present prices the economy of nuts both as 
sources of energy and of protein will doubtless be surprising to 
many who have not previously compared the composition and cost 
of typical articles of these groups. 

Typical nuts resemble typical meats, not only in their richness 
in protein but also in their lack of a satisfactorily balanced mineral 
and vitamin content, being poor in calcium and in vitamins A and 
C. They may be regarded as good alternatives for other seed prod¬ 
ucts, or for meat, but not as a satisfactory substitute for milk. 

To speak of nuts as “meat substitute” is natural under present 
conditions and reflects the prominence which has been given to meat 
and the casual way in which nuts have been regarded for some gen¬ 
erations. The disappearance of free ranges and the development of 
tree farming as well as of peanut culture may result in reducing the 
present great disparity in prominence between these two nutrition¬ 
ally similar types of foods. 
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CHAPTER XII. EDIBLE EATS AND OILS 


Edible fats and oils are separated on a commercial scale from a 
great variety of food materials; buttei irom milk; lard and suet irom 
meat fats; (oleo-) margarine from either animal 01 vegetable lais 
and oils, or both; corn oil from the germ of maize; peanut (arachis) 
oil and soya bean oil from the seeds ol leguminous plants; coconut 
oil, palm oil and palm kernel oil from the seeds or nuts ol palms; 
cottonseed and sesame oils from the seeds of other plants; olive oil 
from a fruit. Of the various food fats ol commerce, butter, in Amer¬ 
ica at least, is the most prominent, though during the years 1941 to 
1946 the civilian consumption ol butter in the United States was 5 
to 40 percent less per capita than it had been in 1935-39, the dimin¬ 
ished supply of butter for civilians being largely but not entirely 
balanced by increased supplies of vegetable fats. Domestic produc¬ 
tion of soybean and peanut oils were greatly increased to meet the 
curtailment of both the civilian butter supply and of the coconut 
fat previously imported from the tropics, but cut oil upon the out¬ 
break of war with Japan. 

Two facts need to be kept constantly in mind when dealing with 
quantitative data regarding our supply of food lats. One is the dis¬ 
tinction between the total fat and the “visible” fat of the lood supply, 
the latter being the commercial or commodity fats sold as such (e.g., 
butter, margarine, lard, shortenings) as contrasted with the so-called 
“invisible” fats contained in meats, eggs, milk, cheese, and ready¬ 
made bakery products. Thus the American pre-war per capita con¬ 
sumption of fat was estimated at nearly 100 pounds a year, of which 
about two thirds was “visible” and about one thiid “invisible.” If 
then war conditions should have cut the supply of visible fat in half 
without materially changing the invisible, the result would be only a 
reduction of one third in the total per capita consumption of food 
fat. 

The other fact to be held in mind dealing with statistics is that 
these sometimes include the nearly clear fat cuts of meat (fat bacon, 
“salt sides,” etc.) with fats, and sometimes with meats. 

Table 31 shows recent official estimates of civilian consumption 

303 



304 


EDIBLE FATS AND OILS 

in the United States of “visible” fats including these “fat cuts” of 
pork as well as lard, butter, margarine, oils, and shortenings. 

TABLE 31. “APPARENT” PER CAPITA CONSUMPTION, IN THE 
UNITED STATES, OF "FATS AND OILS INCLUDING FAT CUTS 
AND BUTTER” (U. S. DEPARTMENT OF AGRICULTURE) 


YEAR 

POUNDS 

YEAR 

POUNDS 

1909 

59 

1935-39 

64 



average 


1914 

62 

1940 

71 

1919 

61 

1941 

70 

1924 

66 

1942 

66' 

1929 

68 

1943 

67 

1934 

66 

1944 

67 

1939 

68 

1945 

60 



preliminary 
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The butter reported made in the United States in normal years 
of recent times has amounted to more than 2,000,000,000 pounds an¬ 
nually, representing the fat of about one fourth of the milk supply 
of the country. Since relatively small amounts of butter were im¬ 
ported or exported in normal prewar years, the consumption may 
be taken as approximately equal to the production and thus as about 
17 pounds of butter per capita per year, or about three fourths of 
an ounce per person per day. 

Growing appreciation of the nutritive values of milk and cream 
tend, within market-milk areas, to shift fresh whole milk and cream 
more largely into direct human consumption and relatively less into 
butter making. On the other hand, the market demand for butter 
tends to increase dairy farming outside of the market milk areas as 
well, so that these areas become sources of butter and of skim milk 
solids—as well, of course, as of condensed, evaporated, and dried 
whole milk, and of cheese. From the viewpoint of determining how 
the nation’s food-production resources shall be used, these dairy 
products are alternatives, the farmer’s choice among which is deter¬ 
mined by the relative consumer demand for the different products. 
Also as we saw in Chapters III and VI, consumer demand very largely 
determines the relative production of meat and of milk. 



BUTTER 


Here again are some fundamental facts which should always be 
borne in mind in considerations ol this sort. While some shifting of 
emphasis from meat production to dairy farming is encouraged both 
by considerations of better-balanced human nutrition and as being 
in the direction of the normal evolution of American agriculture, 
this can in no true sense endanger the meat supply: partly because 
of the large areas of pasture lands whose only economic use through 
as long a future as we can foresee will be in the production of meat 
(plus hides and perhaps wool); and partly because every dairy farm 
produces meat as well as milk. Thus while there is a certain “com¬ 
petition for the food consumer’s dollar” between meats on the one 
hand and fats or butter on the other, yet in the very nature of things 
neither of these competitors can possibly put the other out of busi¬ 
ness. 

As was demonstrated by our national experience with meat and 
fat rationing during the war, our normal supplies both of meats 
and of fats arc so abundant that competition between meat and 
butter industries need not be occasion for special anxiety on nutri¬ 
tional grounds. 

Buttermaking was, until two or three generations ago, entirely 
a household employment. Since then, the industry of making butter 
in central creameries or butter factories has giown until at present 
probably over three fourths of the butter is made in such establish¬ 
ments, and the proportion is constantly increasing. The description 
which follows relates chiefly to the making of butter in creameries 
or butter factories. 

It is said that the first creamery was built by Alanson Slaughter 
in Orange County, New York, in 1861, and received the milk of 
about 375 cows. Less than forty years later, in 1900, a single creamery 
at St. Albans, Vermont, received the milk (or cream) from more than 

30,000 cows, from which was made in one room between 20,000 and 

• 

25,000 pounds of butter per day. 

A considerable proportion of the creameries or butter factories 
are owned by associations of farmers and conducted on cooperative 
plans. When the farm is at a distance from the creamery, the farmer 
often separates the cream and sends it alone to the creamery. Pay¬ 
ment either for milk or cream is usually based upon the actual de¬ 
termination of fat content (Babcock test). Daily samples of the milk 
delivered are composited in a jar for as many days as desired (usually 
a week, ten days, or two weeks), then tested, and the percentage of 
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I'at found in the composite sample is multiplied by the total weight 
of milk which it represents. 

A butter factory makes more pounds of butter than it receives 
of butterfat, because the losses of fat are more than compensated for 
by the water, curd, and salt of the butter. The excess of butter made 
over butterfat received is called the over-run. 

The amount of over-run depends on (1) the thoroughness of 
skimming, (2) the completeness of churning, (3) the general losses in 
the factory, (4) the composition of the butter. It is generally calcu¬ 
lated in percentage of the fat received and may usually be expected 
to exceed 10 per cent. 

Under good conditions and management, the fat content of the 
skim milk should not exceed 0.1 per cent, and in the buttermilk 0.2 
per cent, as determined by the Babcock test. 

The prevailing method of removing cream from milk is by means 
of centrifugal separators. The milk flows continuously into a rotat¬ 
ing bowl containing thin metal plates which separate the milk into 
inclined sheets in which by centrifugal force the heavier part is sent 
toward the outer rim and the lighter fat globules are thus concen¬ 
trated toward the center. Thus while the separator is in operation, 
a continuous stream of cream and another of skimmed milk is ob¬ 
tained from the inner and outer layers respectively of the rotated 
bowl of milk. In order that the skimmed milk shall not be thrown 
out of the machine with too great force, the tubes which receive it 
from the outer portion of the bowl are carried back toward the axis, 
where they discharge into the outlet pipe. The size of the skim-milk 
outlet may be made to bear any desired relation to the size of inlet, 
size of bowl, and speed of rotation, and thus any desired proportion 
of the whole milk may be drawn off as skimmed milk while the re¬ 
mainder is discharged through the cream outlet. McKay and Larsen 
state that for buttermaking, a cream containing from 25 per cent up 
to 50 per cent of fat may be taken (according to the preference of 
the butter-maker) with about equal efficiency. 

Pasteurization of milk or cream for use in buttermaking is grow¬ 
ing in favor. It eliminates not only any pathogenic bacteria which 
may be present, but most other bacteria as well, and makes it possible 
to control the cream-ripening process by adding to the pasteurized 
cream a culture of bacteria which will produce the type of fermenta¬ 
tion desired. This enables the trained butter-maker to produce butter 
of more uniform character and better keeping quality. 
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Ripening of cream is an acid fermentation, the object of which 
is to produce a butter of desirable flavor and aroma. Ripened cream 
also churns more easily and completely than that which has not been 
ripened. 

Different butter-makets use temperatures varying from 00° to 
80° F. in ripening cream, the higher temperatures being employed 
when it is desired to complete the process as rapidly as possible. 
Ordinarily it is considered that a better type of lermentation is se¬ 
cured at 60° to 70° F. than at a higher temperature. The desired 
temperature is maintained by keeping the cream, during the ripen¬ 
ing process, in a water-jacketed vat. In the ripening-vat the cream is 
mixed with its starter, which consists of clean skimmed milk in active 
lactic acid fermentation. Before the starter is added to the cicam, it 
is strained or poured back and forth between sterilized cans until 
the curds which it contains are broken into very small particles; 
otherwise the lumps of curd may appear as whitish mottles in the 
finished butter. If necessary, the starter may be strained before mix¬ 
ing with the cream. The cream and starter should be thoroughly 
stirred together and the stirring should be repeated at intervals 
during the ripening process in order that the acid fermentation may 
predominate uniformly throughout and that the fat globules may 
have the most favorable conditions for absorbing the desired aroma. 

In general the degree of acidity reached by the cream in the 
ripening process is an indication of the degree of flavor that the 
butter will have. Some markets prefer a more highly flavored butter 
than others. 

In transferring the cream from the ripening-vat to the churn it is 
run through a tin strainer to remove any lumps of curd which might 
otherwise affect the appearance of the butter. 

Churning consists in agitating cream in such a way that the fat 
globules stick together into masses of butter large enough to be 
separated from the buttermilk. 

The churns now in general use are the combined churns which 
are so arranged that they can be used not only to churn the cream 
and gather the butter, but also to wash, salt, and work the butter so 
that all these successive operations can be carried out without han¬ 
dling or exposure and in an apparatus which permits of a controlled 
temperature. 

Butter color may either be added to the cream before churning 
or worked into the butter as the buttermilk is worked out. Formerly 
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the vegetable dye annatto was the chief color used in butter manu¬ 
facture, but an oil-soluble aniline dye certified by the Food and Drup 
Administration is now more commonly used. Different markets 
prefer different degrees of color. 

Churning is usually continued until the fat has gathered into 
irregular, flaky, granular masses between the size of a grain of wheat 
and that of a kernel of corn. The buttermilk is then drawn off and 
the butter washed with pure water, usually at a temperature about 
that at which the cream was churned or a little below. Warmer 
or colder water is sometimes used when it is desired to alter the 
texture of the butter. 

Salting of butter has the object (1) of imparting the desired 
flavor, (2) of increasing the keeping quality, (3) of facilitating the 
removal of the buttermilk. 

The amount of added salt desired in butter by different markets 
varies from 0 to 4 per cent, American markets tending as a rule to 
prefer a rather highly salted butter. 

The quality of the salt used is regarded as so important that 
“dairy salt” has often been taken as meaning the highest commercial 
grade. Good dairy salt should have a clean, white, silky appearance 
and should dissolve quickly. All of the salt contained in butter 
should be in solution in the water which the butter retains. Butter 
containing particles of undissolved salt is called "gritty.” When the 
butter as packed contains undissolved granules of salt, these attract 
moisture and cause unevenness of appearance. This is one of the 
causes of mottles in butter. In order to avoid mottling of butter from 
this or other causes, the buttermilk should be washed out as com¬ 
pletely as possible and the salt carefully applied and well worked in. 
I he washing out of the proteins in the buttermilk also results in a 
butter of better keeping qualities. 

Working. The butter, having been washed and salted, is next 
worked to distribute the salt evenly, to bring the butter into compact 
form, and to press out any excess of water or diluted buttermilk. 
The amount of water left in the finished product is largely deter¬ 
mined by the working since the more it is worked after it has become 
firm, the lower the percentage of moisture will be. For most markets 
the moisture must (by official regulation) not exceed 16 per cent. 

Packing. Butter for which extra quality is claimed is often put 
up in prints bearing the name of the farm or creamery where made. 
As the print butter must be firm in order to keep its shape well, it is 
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apt to contain slightly less moisture than the butter put up in tubs. 
The difference may be very slight, or sometimes non-existent. 

Stored butter should be kept at 50° F. or below in as dry a place 
as possible and separate from any other foods or anything from 
which it might absorb an odor. 

Judging butter is very important in the industry because the 
price is so largely dependent upon the grade given the butter by the 
butter judge. 

The score card shown below, that of the New York Mercantile 
Exchange, indicates the weight given to the different quality factors 
in the butter markets of the United States. (Obviously, such score¬ 
card values are matters of judgment, not facts of nature; and are 
always subject to change.) 


Flavor 

points 

45 

Body 

10 

Texture 

10 

Moisture 

5 

Color 

15 

Salt 

10 

Appearance (style) 

5 


For a discussion of judging, grading, and the market classification 
of butter, see McKay and Larsen, Principles and Practice of Butter¬ 
making, Chapter XX. 

Composition of butter. The composition of butter now appearing 
on the American market is usually within the following range: 

per cent 

Fat 80.0-81.5 

Moisture 16.0-15.0 

Curd 0.5- 1.0 

Salt and ash 2.0- 3.0 

The figures for curd include traces of milk sugar which may some¬ 
times be present. 

Moisture is the most abundant and most variable constituent of 
butter aside from the fat. Butter which exudes large drops of water 
is called leaky and is commonly supposed to contain excessive mois¬ 
ture, but this is not necessarily the case. Both the moisture content 
and the physical condition which makes the butter leaky are largely 
influenced by the conditions which obtain during churning. In 1902 
the United States Department of Agriculture made a systematic in- 
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ves ligation of the moisture content of American butter, and found 
that, in 800 samples of butter from -400 creameries in 18 states, the 
average moisture content was 11.78 per cent. During succeeding 
years, professional butter-makers became more skillful in increasing 
the over-run by leaving more water in the butler without detriment 
to its appearance and commercial rating, with the result that the 
water content has been gradually increased until now butter may 
be expected to contain not much less than the 16 per cent of water 
which legal and trade standards permit. 

Fuel value of butler. Atwater and Bryant estimated the average 
fat content of butter at 85 per cent (as it was around 50 years ago), 
which according to modern factors of fuel value would yield about 
3500 Calories per pound; but as present-day butter averages only 
about 81 per cent of fat, its fuel value is given in the Government 
tables (1945) as averaging 3327 Calorics per pound. 

Process butter. Butter of inferior flavor or which has become 
more or less rancid is often renovated or processed. This usually con¬ 
sists in melting the butter, removing the froth or scum, drawing off 
the curd and brine which settle out of the melted butter, blowing 
air through the melted fat to expel faulty odors, and re-churning 
the fat thus purified with fresh milk or cream. 

In the butter markets, process butter is an established grade, 
which contributed about 1,500,000 pounds to the 1930 production 
of butter in the United States. In many States, however, special re¬ 
strictions are placed upon the sale of process butter. 

N IA RCA RIN E (OLEOMARGARINE) 

Margarine is the name given to the class of fatty products pre¬ 
pared by churning fats and oils other than butterfat with milk to a 
butter-like texture and consistency. It was formerly called oleo¬ 
margarine. 

The manufacture of oleomargarine was first described in 1869 
by Mege-Mouriez, a French chemist, who was led to study the subject 
through his desire to furnish to poor people and to sailors a cheaper 
and more staple article than ordinary butter. The details of the 
process are given in his United States Patent, No. 146012, dated 
December 30, 1873, and the basic material indicated therein is beef 
fat. The latter continued to be the principal ingredient, though in 
somewhat decreasing amounts, until, during the First World War, 
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the relatively high price of animal fats started the widespread use 
of vegetable oils and fats. Beef fats now constitute but a minor per¬ 
centage of fatty materials of margarine as now manufactured. 

As the economic relationships among the fats have not yet had 
time to regain an equilibrated status since the Second World War, 
current statistics of fats used would probably have little permanent 
value. The following paragraphs summarize briefly the special treat¬ 
ments given to animal fats without attempting to do the same for 
the vegetable oils whose status is now tentative. 

Oleo oil. Oleo stock is the fat obtained from the caul, heart, and 
kidneys of freshly killed beeves. This fat is thoroughly washed, first 
in tepid and then in cold water, and then thoroughly chilled cither 
by means of ice water or by hanging for some time in artificially 
cooled rooms. The hardened fat is then cut up and ground, and the 
disintegrated mass transferred to a jacketed melting kettle. 

Oleo oil is rendered at a temperature of about 90° F. At this 
temperature the tissue slowly sinks and a part of the fat melts and 
separates at the top. Sprinkling salt on the mass assists in the settling 
of the tissue and the clearing of the surface fat. The latter is allowed 
to cool or grain, after which it is bagged and submitted to hydraulic 
pressure. For the better grades of margarine the fat may be remcltcd 
and freed from the last portions of membrane and tissue by further 
standing and sprinkling with salt. Finally it is carefully cooled to 
the proper temperature for crystallizing out the desired proportion 
of “stearin,” and is sometimes held at this temperature 3 to 5 days 
before going to the hydraulic presses. The fluid expressed thereby, 
comprising about 70 per cent of the whole, sets, when cool, to a 
granular mass, the oleo or oleo oil of commerce. The remaining 30 
per cent is called “oleo stearin." 

Neutral lard. For the preparation of lard to be used in making 
butter substitutes the leaf fat of the hog is quickly removed, freed 
from flesh, chopped into small pieces, and then thoroughly washed 
with cold water. It is then rendered at a temperature of 40° to 50° C., 
yielding a practically neutral product known in the trade as Neutral 
Lard No. 1. When the leaf fat cannot be rendered at once, it is kept 
in refrigerating rooms until it can be worked up. This prolonged 
cooling process is considered by some an advantage, inasmuch as it 
is said to be more effective than simple washing in removing the 
animal flavor. 
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The neutral lard or the oleo oil is, of course, brought to different 
degrees of hardness in different cases, a harder fat being prepared 
in case vegetable oil is to be admixed. 

Cottonseed oil and coconut oil were the vegetable oils most used 
in margarine manufacture in this country prewar. Peanut oil had a 
much smaller place, while the place of corn (maize) oil was develop¬ 
ing gradually. During the Second World War the supply of coconut 
oil was almost entirely cut off, while our domestic production of 
peanut oil was notably increased, and that of soybean oil was very 
greatly accelerated. In fact. Government statistics published in 1947 
have shown that margarine manufacture in the United States used 
more than three times as much soybean oil per year in 1943—46 as 
it had in 1937-41. Whether, or to what extent, this wartime develop¬ 
ment will continue, it would (in 1948) be premature to attempt to 
predict. 

By fractional solidification and pressing at appropriate tempera¬ 
tures and hydrogenation, any of these oils may be brought to the 
melting point of butter, and by proper blending products can be 
made that have the desired property of melting gradually as butter 
does. 

Final mixing. The fats, other than butter fat, are melted in steam- 
jacketed vats, usually separately in order that each may not be 
heated much above its melting point. The required weights of each 
are drawn ofl, mixed, and brought to a definite temperature, gen¬ 
erally 28 to 32° C. The milk to be used is pasteurized, ripened or 
soured, then heated to a definite temperature. The proportions of 
fats and milk are such as to yield a moisture content of 16 to 25 per 
cent in the emulsion before working. To the milk in a vessel pro¬ 
vided with a special agitator, the melted blended fats are added, and 
agitation or churning continued with slow cooling to a complete 
emulsion as indicated by a transition point on the attached ther¬ 
mometer. The mass is then chilled by discharging against a spray of 
ice water. The solidified but crumbly mass is worked in a butter 
worker, and the salt and other permitted substances added. The 
latter include such food substances as albumen and glucose which 
are intended to confer upon the oleomargarine the properties of 
browning and of foaming like butter when heated. 

EDIBLE VEGETABLE OILS 

The Association of Official Agricultural Chemists include among 
edible vegetable oils of sufficient importance to warrant standards 
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ing, the oils of coconut, corn, cottonseed, olive, peanut, sesame seed, 
palm kernel, poppy seed, rape seed, soybean, and sunflower. The 
manufacture of corn oil has been described in Chapter VIII. 

In addition to their role in margarine and in shortenings, edible 
vegetable oils have a prominent place in the commercial production 
of fats for human consumption in such products as fillers and icings 
for confectionery, biscuits and cakes, frying fats and oils, salad oils 
and mayonnaise. 

OLIVE OIL 

For oil making, olives are gathered when they are fully ripe ami 
contain the maximum amount of oil, which is soon after they aie 
well colored and before they become black. If the olives are too 
green, the oil will be bitter; if too lipe, it will be rancid. 

The flesh of ripe olives is about one half oil. When the skin is 
broken, a considerable proportion of this oil exudes from the pulpy 
flesh, either spontaneously or under very slight pressure in the cold. 
This is called virgin, sublime, or first-expressed oil, and the highest 
grades are obtained from selected, hand-picked olives. 

In the manufacture of ordinary olive oil the olives are thoroughly 
crushed either by corrugated metal rolls or by heavy stones 1 evolving 
in masonry trenches. 

The crushed pulp is placed in fabric, folded over it to make a 
cheese about three feet square and three inches thick. Ten or more of 
these cheeses are placed one above the other, with slats between them, 
and pressure is applied. 

The oil obtained by pressure under these conditions is second in 
quality to the virgin oil, and constitutes the bulk of the edible olive 
oil of commerce. 

After obtaining as much oil as possible in this way, the cheeses 
are taken out, broken to pieces, mixed with hot water and pressed 
again, yielding a third grade oil. Further yields of much inferior oil 
many be obtained by repeated pressing with hot water in very 
powerful presses or by extraction with solvents, but in California 
this is not usually done. The residual pulp is used for fattening 
swine. 

In order to clarify the dark-colored oil obtained from the press, 
it is usually fdtered first through cotton wool, then allowed to settle 
for 24 hours in funnel-shaped tanks from which the greater part of 
the sediment is drawn off, and finally run into settling tanks lined 
with tin or glass, where the oil stands for 2 to 5 months, being re- 
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peatedly racked off (usually three times in all) until it is entirely 
clarified. 

T he flavor of olive oil, which chiefly determines its commercial 
value quite apart from any question of genuineness or purity, de¬ 
pends largely upon the variety of olive, its ripeness when picked, the 
manner of handling, the length of time it is stored before pressing, 
the temperature and pressure at which the oil is drawn, and other 
conditions of manufacture. 

The courts have upheld the position of the government that the 
term "salad oil” when used alone is understood to mean olive oil. 

In the administration of the Food and Drugs Act the following 
notice has been issued: "Pending a final decision of this matter, no 
objection will be made to the use of the term Salad Oil on oils other 
than olive oil, when such oils are pure, harmless, and edible, provid¬ 
ing the term Salad Oil be plainly qualified by the common name of 
the oil or oils actually used. These qualifying names should be stated 
on the label with a prominence equal to that of the term Salad 
Oil.” 


COTTONSEED OIL 

The cleaned seeds are decorticated, or separated from their shells 
or outer coverings by means of mechanical breakers and rollers 
followed by sieving. The seeds are then delivered to crushing rolls 
by which they are reduced to a meal of varying degrees of fineness 
according to the extraction processes to follow. 

There are two main types of expression equipment in general 
use in this country: (1) the hydraulic presses, (2) the Anderson 
Expeller. The latter is the more modern, and is continuous in opera¬ 
tion. It depends for its action upon a spiral screw or conveyor which 
forces the meal forward into a gradually diminishing space, and 
therefore under increasing pressure. Whichever equipment is used, 
efficient operation depends upon the proper conditioning or tem¬ 
pering of the meal. When hydraulic presses are operated, the meal 
is cooked in a steam-jacketed cooker after which it is withdrawn and 
formed into cakes for pressing. The best moisture content of the 
meal in this case is between 8 and 10 per cent. When the Anderson 
Expeller is used, the meal is dried and tempered to a moisture con¬ 
tent of 1 to 2 per cent in order to attain efficient expression. The 
so-called cold-pressed or expeller oil differs mainly from the hot- 
pressed (hydraulic presses) oil in that the former requires longer 
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agitation with caustic soda solution before heating in the subsequent 
refining operation. 

The expressed oil is run into settling tanks wherein the foots 
settle to the conical bottom. The crude oil, thus purified, is with¬ 
drawn with as little delay as possible to the refining tanks, each a 
tall steel cylinder with a conical bottom and provided with steam 
heating coils and mechanical agitators. At least part of the oil from 
the settling tanks must be filtered, and if economically desirable, the 
last portions (and the soap stock) may be centrifuged belore going 
to the refining tanks, where the oil is warmed slightly, agitated, and 
sprayed with caustic soda solution in amounts adjusted to the free 
fatty acid content. A small and definite excess (0.1 to 0.2 per cent 
sodium hydroxide) of caustic soda solution is added, for, in addition 
to the neutralization of fatty acids, another function of the soda is 
the removal of coloring matter, contaminating portions of the meal, 
and non-fatty materials, such as proteins. With violent agitation, 
the mass is heated usually to 43 to 49° C. At this important stage of 
the procedure there is a separation of foots from oil. a break, (chemi¬ 
cally a change from the original water-in-oil to an oil-in-water emul¬ 
sion) after which agitation is stopped to prevent losses of oil by emul¬ 
sification in the fools (soap and impurities). Usually the agitation is 
made less violent just before the break is expected to occur. After 
standing for some time to permit the settling of foots, the oil is 
washed to remove the last traces of soap, and dried either in vacuo 
or at atmospheric pressure. This is the grade of oil known as yellow 
summer oil. According to the set-up of the equipment, the oil, now 
ieady for bleaching or clarifying, may be treated in the refining 
tanks or drawn to additional bleaching tanks. 

At this stage the oil is heated, mixed with fuller's earth (often 
also 0.5 to 1.0 per cent of activated carbon), thoroughly agitated, 
and filtered through the filter presses, which remove the bleaching 
materials along with the coloring matter and impurities. The oil is 
now ready for dcodorization which is usually accomplished a short 
time before delivery of the product. 

The equipment for deodorization varies considerably, but the 
principle involved is to distill ofT the aromatic aldehydes and ketones 
under diminished pressure with super heated steam. T he heating 
at 200 to 225° C. is accomplished in more modern units by means 
of a high flash mineral oil pumped through coils in the chamber, 
and as high a vacuum as possible is created. The time involved 
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varies considerably, 3 to 6 hours or longer, depending upon the 
efficiency of the equipment. It is important that the oil be kept abso¬ 
lutely free from air until it is cool, about 40° C., otherwise oxidation 
of the hot oil will undo the work of refining. 

Wintering is a means of removing the fractions of oil with a 
higher melting point, leaving an oil which remains entirely liquid 
at ordinary winter temperatures. In this process the oil is chilled 
and held at temperatures which permit separation into definite 
amounts of the so-called olein and stearin fractions. The mass is 
then filter-pressed in the chill rooms and the oil thus expressed is 
called winter oil. 

Hydrogenation is an important development of the industry not 
only because it transforms liquid glycerides of unsaturated fatty acids 
into the corresponding saturated compounds which are solids, with 
resultant thickening or hardening of the fat, but also because it is a 
selective process in which the more unsaturated acids are i educed to 
a considerable extent before the less unsaturated begin to react. 
For example, 65 per cent of the liquid fatly acids (which comprise 7:> 
per cent of the whole) in cottonseed oil is linoleic acid, which is most 
susceptible to oxidation and hence to rancidity. Thus hydrogenation, 
in addition to its part in hardening oils, makes it possible to use 
liquid fats which by reason of their unsaturation and consequent 
tendency to rancidity would otherwise be unavailable. 

The hardening eflect of hydrogenation is applied extensively 
to the processing of cottonseed oil for use as a shortening fat; to a 
lesser degree to the preparation of vegetable butters for specific pur¬ 
poses, and to some extent to the preparation of lard itself when 
economic conditions warrant. 

The efficiency of the hydrogenation process depends upon the 
freshness and condition of the crude oil. A crude oil is rarely free 
enough from moisture and suspended impurities, and sufficiently 
low in fatty acid content to permit hydrogenation without prelimi¬ 
nary treatment. Often bleaching with fuller’s earth at a temperatuie 
high enough to expel moisture will suffice, but at times, as in the 
case of high fatty acid content, alkali neutralization followed by 
bleaching is necessary. During hydrogenation a considerable bleach¬ 
ing of color takes place. 

Hydrogenation is accomplished by forcing hydrogen through the 
heated oil at low pressures in the presence of a catalyst, usually 
finely divided nickel. 



PLACE OF FATS IN THE DIET 



LARD AND OTHER SHORTENING FATS 

These materials are used in cooking and in baking not only to 
increase the amount of fat in cooked foods but also to confer upon 
the finished products a certain crispness or flakiness and a finished 
appearance. Any attempt to summarize heie the postwar status ol 
technology and economics of these materials would probably be 
premature. Lard, however, is generally considered to have a higher 

or greater shortening value than the prepared lats. 

% 

PLACE OF FATS IN THE DIET 

Fats have more than twice the energy value of equal weights of 
either proteins or carbohydrates in nutrition, and it has been seen 
in earlier chapters that the energy values of food materials which 
contain a mixture of nutrients are often chiefly due to their fat con¬ 
tent. The food fats which appear in commerce in an approximately 
pure state are closely similar to, if not identical with, those which 
have already entered into our consideration of the food values of 
meats, milk, grains, etc. Hence there is no occasion to question the 
general wholesomeness and food value of such staple food fats as 
butter, margarine, lard, cottonseed oil and other vegetable oils and 
their compounds, and we need only consider whether these are of 
equal value with each other and whether their liberal use is likely 
to make the total fat content of the diet excessive or the diet one¬ 
sided in any way. 

Comparative digestibility of fats. The fats ordinarily used as food 
by man do not differ greatly in the extent to which they arc absorbed 
from the digestive tract under normal conditions. Such differences 
as have been found seem to be explained by the differing hardness 
or melting points of the fats. If the melting point of the fat lies much 
above the body temperature, the fat will not become sufficiently fluid 
in the intestine to be readily emulsified and digested. The data de¬ 
termined by Munk and Arnschink, which have long served as classic 
illustrations in this connection are shown in Table 32. 

As emphasized by Nutrition Reviews (May 1947) the lesser di¬ 
gestibility of the harder fats may perhaps be better explained as due 
to their greater content of stearic (and higher saturated) acids rather 
than to higher melting point in itself. 

These results show good utilization and no significant differences 
in digestibility among fats melting at or below 43° C. while with 
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TABLE 32. MELTING POINTS AND DIGESTIBILITY OF FATS 


NATURE OF FAT 
Stearin 

Mixture of stearin and almond oil 
Mutton fat (I) 

Mutton fat (II) 

Lard 
Bacon fat 
Goose fat 
Olive oil 


MEETING rot NT 

° c. 

60 

55 

50-51 

49 

43 

34 

25 

fluid 


PER CENT LOST 
IN FECES 

86-91 

10.6 

9.2 

7.4 
2.6 
2.8 

2.5 

2.3 


melting points from 49° to 55° C. the losses were considerable. With 
stearin, melting at 60° C., much the greatest part failed of digestion, 
but the admixture of sufficient almond oil to lower the melting 
point a few degrees resulted in very greatly increased digestibility. 
Hence while stearin eaten alone is only slightly digested, yet fats 
containing much stearin may be digested very well provided they 
also contain enough other fluid fat so that the melting point of the 
mixture as a whole is not much above body temperature. Since mar¬ 
garine contains notably more stearin than butter it was at one time 
Thought that it might show correspondingly larger losses in diges¬ 
tion; but repeated experiments have shown that margarine (being 
made so as to have about the same hardness) shows practically the 
same small losses in digestion as does butter. Thus in experiments 
by Luhrig the coefficient of digestibility was 97.86 per cent for the 
butter and 97.55 per cent for the margarine, or practically 98 per 

cent for each. 

Subsequently a long series of experiments to determine the di¬ 
gestibilities of different fats was published by Langworthy, Holmes, 
and Deuel of the United States Department of Agriculture. Practi¬ 
cally all of the many food fats tested showed high coefficients of 
digestibility. Very rarely under ordinary normal conditions does as 
much as one tenth of the fat eaten escape digestion and usually the 

loss is only one twentieth or less. 

As regards "digestibility” in the more popular sense of the ease, 
comfort, and rapidity with which the digestive organs carry on their 
work, it may be said that the fats generally retard the secretion of 
the gastric juice and tend to make the food stay longer in the 

stomach. . f 

While the eating of much fat may thus prevent the digestion ot 
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food in the stomach from going forward as promptly and pleasantly 
as it otherwise might, it is unlikely that the fat will exert any direct 
effect tending toward discomfort except in the sense that if fat is 
over-heated in cooking it may in part be decomposed with the pro¬ 
duction of irritating substances. It should also be lemembered that 
if foods are cooked in or with fat in such a way as to form a coaling 
of fat over the other constituents of the food, the digestion of the 
proteins and carbohydrates may be retarded, since the materials 
which are coated with layers of fat will not be permeated readily 
by the saliva or the gastric juice. These latter possibilities of un¬ 
favorable action of fat are not properly chargeable to fat itself, but 
rather to the unintelligent ways in which it is sometimes cooked. 

Moreover, it must be remembered that a moderate slowing of 
the passage of food from the stomach is not objectionable, whereas 
the rapid emptying of the stomach when the food is poor in fat leads 
to earlier and more severe hunger, so that shortage of fat is deemed 
a serious hardship even when it does not imply a deficiency of total 
food value. 

Tolerance of high-fat diets. Fat, being a very compact form of 
fuel, properly finds its largest place in the diet in those cases in which 
the energy requirement is high, as in persons doing large amounts 
of muscular work or exposed to severe cold. In such cases there is 
largely increased need for fuel without corresponding increase in 
the need for protein. Here a large part or even all of the extra energy 
requirement may be met by feeding fats, and it has been found that 
the organism, whether at hard muscular work, or only moderate 
exercise, is able to digest quite large amounts of fat. It is generally 
believed that about 200 grams (7 ounces) of fat per day is as much as 
the human digestive tract can safely be expected to handle to good 
advantage, though individual instances of satisfactory utilization of 
larger amounts might be cited. 

In nutrition fat can serve interchangeably with carbohydrate as 
fuel within fairly wide limits. The different food fats have nearly 
the same fuel value when in the same state of concentration. Lard, 
coconut oil, and salad oils are practically 100 per cent fat and have 
energy values of about 4000 Calories per pound, while butter or 
margarine as stated above contains a considerable percentage of 
water and salt, and shows usually about 81 per cent of fat with about 
3300 Calories per pound. 

But it is now well understood that the true nutritive value of a 
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commercial fat depends only in part upon the number of Calories it 
furnishes. 

There is experimental evidence that fat has its own functions in 
the diet. The researches of Burr and Burr (1929, 1930), and of Evans 
and Lepkovsky (1932) indicate that at least a small amount of one 
or more of the more unsaturated fatty acids must be supplied by the 
food if normal nutrition is to be maintained. Another important 
factor in the value of a food fat is whether (and, if so, the extent to 
which) it contains one or more of the fat-soluble vitamins. 

Vitamin A is present in unchanged natural fats and oils in widely 
varying amounts. Drummond and his coworkers have pointed out 
that the animal fats as a class tend to be superior to the vegetable 
fats in vitamin A potency, but that this generalization should not 
be pushed too far. Some yellow vegetable oils such as virgin olive 
oil and (much more markedly) the orange-colored palm oils, may be 
significant sources of vitamin A value through the carotenes that 
they contain. On the other hand, many natural vegetable fats and 
oils, and all of them which have been subjected to drastic refining 
processes, are likely to be practically devoid of vitamin A value. 

Among animal fats, some fish-body and many fish-liver oils con¬ 
tain important amounts of vitamin A, as has been noted in Chapter 
VII. Among the conventional food fats, butter and cream are out¬ 
standing sources of vitamin A in their natural state, and some 
margarines have recently been made so by fortification. The level of 
fortification is worthy of careful attention by consumers. The gov¬ 
ernment tables of food values issued in 1945 assign no vitamin A 
value to unfortified margarine; and to fortified margarine a vitamin 
A value of 9,000 units per pound, at which level it had been stand¬ 
ardized apparently upon the ambiguous ground that this is about 
what butter "could be depended upon to furnish.” But this really 
represented about the minimum rather than any approximation to 
the average vitamin A value of butter. The year-round U. S. average 
for butter was found by very extensive and careful investigation to 
be approximately half-way between 15,000 and 16,000 units per 
pound. The actual average was a little nearer 16,000; but the usual 
form of expression "to be on the safe side” is that butter averages 
about 15,000 Units of vitamin A per pound. The government table 
issued in 1945 thus lists butter as containing 15,000, and fortified 
margarine as containing 9,000 Units of vitamin A per pound. At 
least one manufacturer of fortified margarine has, however, volun- 
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'arily raised the vitamin A value of his product to 15,000 Units per 
pound or practically the same as is contained in year-round average 
butter as produced and sold in the United States. The purchaser of 
margarine should therefore read the labels carefully with the fact 
in mind that the word fortified may mean 15,000 or only 9,000 Units 
of vitamin A per pound. 

Vitamin D is present in the fish-liver oils in far greater concen¬ 
tration than in any of the more widely used food fats. Nevertheless 
the vitamin D value of butter is a factor of real importance. It can 
be maintained at an especially high level by feeding the cows a con¬ 
centrated source of the vitamin such as irradiated yeast. 

Broader human implications are especially worthy of attention 
in connection with the fat supply. With margarine increasingly 
fortified with vitamin A, and with growing appreciation and use 
of green and yellow vegetables for their vitamin A values, the center 
of gravity of the problem of equitable distribution of "the fat of the 
land” becomes somewhat less a question of butter specifically and 
more a question of the level of consumption of fats as a food-group. 

Wide disparities of fat consumption, whether as between the 
high-income and low-income families of the same country or as 
between the "have” and "have not” nations, may mean problems of 
the sense of social justice. 

People who have the purchasing power are apt to indulge them¬ 
selves in more than their share of the food-fat that the market affords. 
Hence arose the rationing of fats in wartime, even in the United 
States where the per capita supply available for civilian consumption 
was so much higher than for the world generally that it might have 
seemed that all of us should have had plenty without the need of 
rationing. According to the data published by the U. S. Department 
of Agriculture and abstracted in Table 31 above, the supply (even 
the civilian supply) did not fall below 60 pounds per capita in any 
one of the war years (1940-45). True, some people could not find 
their full share because other people were exceeding their share by 
patronizing black-markets. That there should be extensive black¬ 
marketing in a commodity of which the supply was so large, is a 
striking illustration of the fact that fats make a strong appeal to 
self-indulgence. 

The national food allotment plan described in Chapter II pro¬ 
poses 14 ounces of fats per person per week or 45-46 pounds a year 
or about 72 per cent of the usual fat-consumption rate of our (U. S.) 
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population. Doubtless the great majority of the world's people have 
much less than 72 per cent of the amount of fat we eat. Doubtless, 
too, the higher-income and lower-income groups in our own country 
differ in their fat consumption in a manner similar to the difference 
between our own and most other populations. It is probable, too, 
that the people who consume more of the (“visible”) fat-foods con¬ 
sume also as much or more of the “invisible” fats contained in other 
foods than do the people of lower income. 

If the habit of Americans of normal purchasing power is to de¬ 
mand more fat than the people of most other countries and our own 
fellow-citizens of lower purchasing power are able to have, what 
justification have we for thus taking more than our share? In a rather 
vague way, nutritionists appear to believe that, at least for those of 
us who are used to it, fat should furnish one fourth to one third of 
our total food calories (this referring to total fat, “visible” and “in¬ 
visible”). Longenecker (1944) who has given special study to the 
subject, makes use of this general impression as suggested assump¬ 
tion, writing: “If the lower level for optimum fat intake be regarded 
as 25 per cent of the total calories, . . . T his proportion of a 
3000 Calorie diet would place the lower boundary of the zone of 
supposedly optimal fat consumption at 68 pounds a year of total 
visible and invisible fat. For 1943, probably the year of greatest 
anxiety regarding our fat supply, Longenecker estimated our (U. S.) 
per capita consumption of fat as 85 pounds or 25 per cent highei 
than the above-estimated need for optimal intake. 

When Longenecker goes on to divide the 85 pounds just men¬ 
tioned into 40 pounds “visible” and 45 pounds “invisible fat, we 
meet an illustration of the difficulty arising from varying classifica¬ 
tions of fat meats. Evidently their fats are counted by Longenecker as 
invisible, but evidently they are counted with the visible (commer¬ 
cial) fats in the U. S. Department of Agriculture estimates from 
which the data here given in Table 31 were taken. In another esti¬ 
mate from the Department of Agriculture, the per capita civilian 
consumption of fat in the United States was put at 96 pounds a year 
or enough to furnish 36.9 per cent of the total calories. Here fats 
were being consumed at a higher level than the top of the zone of 

one-fourth to one-third of the food calories. 

Approached from whatever viewpoint it is clear that Americans 
of average purchasing power eat much more fat than the less favored 
people of their own and other countries; and also more than can be 
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said to be needed on any or all physiological grounds. If it be asked 
whether the extra fat beyond physiological need may in some psy¬ 
chological way be good for morale, we may well also ask whether 
there is not a stronger psychological reason for a more equitable- 
distribution of the world’s fat supply among the world's people. 

A moderate level of fat consumption more widely distributed 
would doubtless be better for all concerned than the si l iking dis¬ 
parities that (because of economic conditions) have prevailed in 
many parts of the world hitherto. 

The suggestion of 14 ounces per person per week, which, as noted 
above, is embodied in the proposed national food allotment plan, 
may be taken as the starting point for a careful consideration of the 
place of fat in the diet. It would mean 1 ounce of butter plus 1 ounce 
of other “visible” fats per day for each person. Like the other recom¬ 
mendations of the allotment plan, it takes careful account of the con¬ 
sensus of opinion of those who have especially studied such ques¬ 
tions. The writer's estimate of his own consumption of fats for many 
years is well within this allowance. 
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CHAPTER XIII. SUGARS, SIRUPS. 
AND CONFECTIONERY 


THE CANE SUGAR INDUSTRY 

Cane sugar or sucrose, C^H.^O,,, occurs widely distributed in the 
vegetable kingdom. It is found in the fruits and juices of many 
plants, usually mixed with more or less of the simpler sugars, glucose 
(dextrose) and fructose (levulose). The separation of the sucrose is 
commercially profitable only in the case of a plant whose juice is rela¬ 
tively rich in this sugar and contains but small proportions of other 
substances. Only two plants, the sugar cane and the sugar beet, play 
an important part in the world's supply of sugar. We shall therefore 
confine our study of the technology of the industry to the manu¬ 
facture of sugar from the cane or the beet. The accounts which follow 
were originally based upon lectures delivered at Columbia Uni¬ 
versity by Dr. C. A. Browne and Dr. W. D. Horne. 

Production of raw sugar from sugar cane. The sugar cane, which 
is the oldest and best known sugar-producing plant, grows only in 
tropical and semitropical countries. It resembles in many ways the 
common American corn (maize) plant, producing a jointed stalk 
varying from 6 to 12 feet or even more in length. Botanically, both 
maize and sugar cane are large grasses. The native home of the cane 
is India, and it is mentioned frequently in the old sacred books of 
the Hindoos and in ancient Chinese writings centuries before Christ. 
The Greek soldiers of Alexander the Great saw the sugar cane grow¬ 
ing in India at the time of his conquest, and brought back stories of 
the wonderful reed which yielded a juice sweeter than honey. The 
Persians and Arabs carried the cultivation of the sugar cane west¬ 
ward, and we find that sugar was both grown and refined in the 
valleys of the Tigris and Euphrates in the tenth century a.d. The 
Crusaders found sugar cane and sugar factories in Syria and Pales¬ 
tine, and brought back samples of the solid sugar. The Saracens 
introduced the cultivation of sugar cane into Sicily and the Moors 
into Spain; the Spaniards in their turn carried the sugar cane with 
them to the New World during their voyages of discovery and 
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colonization; and so the cultivation of sugar cane spread throughout 
the tropical and semitropical world. 

At present the countries in which the production of sugar from 
cane is an important industry are India, Cuba, Java, Japan including 
Formosa, Africa, Australia, Brazil, Argentina, Peru, Santa Domingo, 
the Philippine Islands, and the United States, including Puerto Rico 
and Hawaii. 

The cane is propagated by planting sections of the upper parts 
of the canes of the preceding crop. The young plants sprout from 
the nodes (“joints”) of these cuttings, which are covered with a few 
inches of soil. 

Plantings are close enough so that during the greater part of its 
growth, the cane covers the field with its leaves, which thus receive 
practically all the radiant energy which reaches the field, though, 
of course, much of this energy is reflected or transmitted. 

When the sprouts of young cane appear above ground, the fields 
are usually cultivated until the growth of the cane is well started or 
until the rainy season begins, and it is then left to grow for varying 
lengths of time, depending upon the climatic conditions and custom 
of the locality. In Louisiana the whole period of growth is consider¬ 
ably less than a year; in Hawaii the cane is sometimes allowed to 
grow for practically two years. 

The sugar cane, when the crop is ready, is harvested by cutting 
off the stalk as close to the ground as possible, trimming off the green 
tops, and stripping away the leaves. These and the other agricultural 
operations of planting, fertilizing, and cultivating require a large 
amount of labor, the expense for which ordinarily makes up about 
three-fourths of the cost of the raw sugar, the remaining one-fourth 
being due to the expense of manufacture. 

The composition of the stalks and the expressed juice of the sugar 
cane vary considerably. The general range of the different consti¬ 
tuents as compiled from analyses made in different countries is given 
in Table 33. Browne points out that individual cases may show varia¬ 
tions above or below the range of figures which he thus tabulates. 

If a simpler approximation is desired for convenience of memory, 
it may be said that sugar cane as harvested and trimmed free from 
leaves and tops consists of: nearly three-fourths water; one-tenth or 
more of fiber; somewhere around 14 per cent of sugar; about 1 per 
cent of all other organic substances; and usually less than 1 per cent 
of all mineral matters appearing as ash in the analysis. 
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TABLE 33. COMPOSITION OF SUGAR CANE AND ITS JUICE 
(BROWNE) 



WHOI E CANE 

CANE JUICE 


per cent 

per cent 

Water 

67-75 

80-86 

Dry substance 

33-25 

20-14 

Fiber (cellulose, etc.) 

10-15 


Sucrose 

11-16 

12-18 

Invert sugar 

0.5-1.5 

0.5-2.0 

Ash 

0.5-1.0 

0.4-0.8 

Nitrogenous substances 

0.4-0.6 

0.1-0.4 

Gums, acids, etc. 

0.2-0.5 

0.3-0.6 

Wax and fat 

0.4 

0.2 


In sugar manufacture and refining, all substances other than 
sucrose and water are spoken of as “impurities,” and the term coeffi¬ 
cient of purity means percentage of sucrose in total solids. 

The sugar cane after it is hauled to the factory is first passed 
through mills to remove the juice. The cane mills range from the 
primitive ox-driven, to the modern high-power, steam-driven, hy¬ 
draulic 9- and 12-roller mills now commonly employed. In the best- 
equipped factories the cane is delivered by an endless carrier to huge 
corrugated crushers, which reduce the stalks to a thick blanket of 
pulpy fiber, removing at the same time some 50 to 60 per cent of the 
juice. The crushed stalks pass next through a mill of 3 rollers, where 
still more of the juice is removed; and then through a second, third, 
and sometimes a fourth set of such rollers, the hydraulic pressure 
upon the rollers being increased at each set in order to remove more 
and more of the juice. It is also customary to wet the pulp with a 
thin spray of water between the sets of rollers, the water thus soaked 
up facilitating the removal of the residual sugar by the succeeding 
roller. This process of wetting (maceration , saturationj inhibition) 
is highly important, but must be carefully controlled; the water added 
will of course be afterwards evaporated, and the question which the 
chemist must decide is when the cost of this evaporation begins to 
exceed the value of the extra sugar recovered. The quantity of water 
used for wetting the fiber is usually about 15 per cent, i.e., 15 parts of 
water per 100 parts of normal undiluted juice. With 15 per cent 
maceration about 90 per cent of the sugar in the cane is extracted 
in the juice; with 25 per cent maceration over 95 per cent of the 
sugar may be extracted. The residue of cane fiber as it leaves the last 
mill contains about 50 per cent fiber, from 45 to 50 per cent moisture. 
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and from 3 to 5 per cent sugar, i.e., from 5 to 10 per cent of the 
original sugar in the cane. This fibrous residue is called bagasse and 
is usually burned under the boilers; it often constitutes the chief, 
and sometimes the only, supply of fuel for operating the sugar 
factory. Recently there has been a growing utilization of the cane 
fiber as a structural and heat-insulating material (fiber-board), and 
consideration of its possible use in paper-making. 

The polarization * and “purity" of the raw juice are the first 
important factors to be determined in the chemical control of a cane 
sugar factory. The polarization of the juice will usually approximate 
the sugar content; the dissolved solids in the juice are estimated by 
means of a floating hydrometer called a Brix spindle. The polariza¬ 
tion of the juice multiplied by 100 and divided by the reading of 
the Brix spindle gives the “purity” of the juice. Good cane juices run 
over 90 per cent purity. Juices with a purity below 80 per cent are 
poor and very unsatisfactory to work. 

The second step in the manufacture of cane sugar is the clarifica¬ 
tion or purification of the raw juice. The best-known and longest- 
used clarifying agent is lime. 

Many methods of using lime are practiced, only one of which 
need be described here. Cane juice as it comes from the mill is 
slightly acid. One method of clarification is to neutralize this free 
acid of the juice by adding lime to slight alkalinity, and then to heat 
to boiling. The lime combines with the organic acids and phosphoric 
acid of the juice, and the heat coagulates the proteins present; a 
thick scum of impurities rises to the surface, which is skimmed off 
and the hot juice then run into settling tanks, when the precipitated 
impurities settle out as “the mud,” or the juice is passed through 
filter presses, and the impurities removed in this way, or both. The 
filter press cake contains the phosphates and nitrogenous matters of 
the juice and is returned to the canefields as a fertilizer. 

The Dorr clarifier is a continuous-flow settling-tank device for 
separating clarified juice from its mud with such regulation of tem¬ 
perature as to prevent fermentation and minimize the losses both of 
sugar and of heat. 

In many factories the cane juice is sulfured before liming: sulfur 
dioxide, produced by burning sulfur, is led into the juice to a certain 

• The term "polarization'’ implies the estimation of sugar by means of the 
polariscope. It is sometimes (as here) used also to indicate the numerical result 
of the estimation in terms which approximate the sucrose content. 
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point of acidity; the free acid is then neutralized with lime and the 
juice heated as first described. The sulfurous acid has a bleaching 
effect upon the juice and the mechanical separation of the impuii- 
ties is greatly facilitated by its action. 

The third process in the manufacture of cane sugar is that of 
evaporation. In primitive countries and out-of-the-way plantations, 
evaporation is carried out over the direct fire in open pans 01 kettles. 
The juice is either boiled down in one single kettle or passed through 
a train of pans; when crystallization of the sugar has begun, great 
care must be exercised that the mass be kept in constant motion; 
otherwise there will be burning and caramclization next to the sur¬ 
face of the evaporator. Such caramelization is in fact unavoidable, 
and all open kettle sugars are characterized by a dai k color and by 
an agreeable aromatic taste which is preferred by many to that of 
the pure refined sugars. In some countries the cane juice, after 
evaporating to a thick, pasty mass, is allowed to cool and solidify, 
just as molasses candy hardens after cooling. This solidified mass is 
called concrete sugar and is ground up in mills and marketed as a 
coarse lumpy sugar of very uneven composition. This concrete sugar 
contains of course all the molasses with the soluble impurities of 
the juice. Its various grades contain all the way from 80 per cent to 
about 90 per cent sucrose. 

In one primitive process, the juice is not evaporated to concrete, 
but only to the consistency of a thick mush; this mush is run into 
hogsheads having a fine perforated bottom through which the 
molasses, or mother liquor surrounding the crystals of sugar, per¬ 
colates. When as much as possible of the molasses has drained away, 
the residue of sugar is removed and sold as muscovado sugar. This 
is purer than concrete sugar and polarizes sometimes as high as 92 
per cent. It is usually quite moist and for this reason very liable to 
deteriorate. 

In the open kettle process of evaporation there is always con¬ 
siderable loss of sugar due to caramelization and inversion (hydrolysis) 
caused by the high temperature, in as much as the boiling point of 
the saturated solution of sugar considerably exceeds that of water. 
To avoid these losses, modern sugar factories employ multiple effect 
vacuum evaporators which allow evaporation to proceed at a tem¬ 
perature much below the boiling point of water and at the same time 
permit the utilization of waste steam from the exhaust of the factory 
engines. These evaporators are manufactured in many different 
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forms, and are usually arranged in a series of 2, 3, or 4, sometimes 
even as high as 5 or 6, the combination being called double, triple, 
quadruple, quintuple, or sextuple effects. In the first vessel of an 
effect a lower vacuum is maintained than in the second, a lower in 
the second than in the third, and so on; the temperature of boiling 
for each succeeding vessel is thus progressively reduced. After the 
clarified juice has been evaporated to a sirup it passes to the very 
important process of graining or crystallizing of the sugar. This is 
accomplished in a vacuum pan which is operated in much the same 
way as one of the vessels of a multiple effect evaporator; in many 
cases the process is assisted by connecting the outlet with a vertical 
condensing column 34 feet or more high. A stream of cold water 
flows through the column, and this serves both by rapid condensa¬ 
tion of the steam and by the barometric pull of its column of liquid 
to maintain a high degree of vacuum. 

A charge of sirup is first drawn into the vacuum pan; this sirup 
as it leaves the evaporators has a specific gravity of about 1.25 (or 
about 50 per cent solids), and is boiled down in the vacuum pan to a 
specific gravity of 1.50 or about 90 per cent solids. The ebullition in 
the vacuum pan is violent and unless the sugar boiler is careful some 
of the sirup may be carried over with the vapor into the condenser; 
this is called entrainment and is a source of frequent losses in sugar 
manufacture. In all modern sugar factories the chemist makes con¬ 
stant examination of the condensation water, so that any loss due 
to this cause may be promptly detected and stopped. 

The handling of the vacuum pan requires more skill than any 
other operation of the sugar house; care must be taken both to avoid 
entrainment and to build up crystals of uniform grain or size. The 
usual practice is to boil down the first charge of sirup to what is 
called string proof, i.e., to the point when a few drops of sirup with¬ 
drawn from the pan will draw out between the fingers in fine strings 
or threads. When this point is reached, a large charge of fresh cold 
sirup is drawn into the pan, the sudden cooling of the supersaturated 
contents starting the formation of innumerable fine crystals. The 
operator then aims to build up these crystals without forming new 
ones; he tries from now on to admit new portions of sirup often 
enough to avoid supersaturation and yet to avoid sudden chilling 
through drawing in too much sirup at one time. He controls this 
process by drawing out samples every few minutes and examining 
these upon glass against a light; if he sees fine new crystals appearing 
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among the old ones, he reduces the vacuum a little, thus raising the 
temperature and dissolving this false grain as the fine crystals are 
called. By skillful manipulation, the experienced sugar boiler is able 
to build up the crystals to any desired si/c. The usual practice is to 
make a crystal about the si/e of ordinary granulated sugar; in cer¬ 
tain localities, however, a large crystal is favored, as, for example, in 
Peru, where the sugar is boiled slowly and for a long time, thus build¬ 
ing up a very large grain. The attachment lor withdrawing samples 
of sirup from the vacuum pan is called the proof stick. 

When the vacuum pan is filled with a thick moist mass of sugar 
crystals, of about the consistency of freshly mixed mortar, the steam 
is shut off, air is admitted, the bottom of the pan opened, and the 
entire contents or strike dumped into a mixer, which keeps the mass 
in slow movement by means of revolving arms. This mixer is situated 
over a row of centrifugal machines; the mass of crystals (sometimes 
called masse cuite from the French, or Fiillmass from the German) 
is drawn off gradually in successive charges into the centrifugals. The 
inner walls of the latter are lined with fine brass meshing and as the 
drums are rotated the masse cuite is whirled against the meshing, 
which retains the sugar but allows the molasses to pass through. 
After spinning for a few minutes until as much of the molasses is 
removed as possible, the revolving mass of sugar may be sprayed with 
a fine spray of water or a jet of steam in order to remove more of the 
film of molasses which remains adhering to the crystals; the amount 
of spraying depends upon the whiteness of sugar desired. In Louisi¬ 
ana a very pure, white sugar is made by spraying with several sprin¬ 
klings of water; such sugar is over 99 per cent pure sucrose, the re¬ 
mainder being mostly moisture. In Cuba and Puerto Rico the aim 
is to make a 96 per cent sugar. In Hawaii and Java a sugar testing 
about 97 per cent is desired. Spraying will, of course, dissolve some 
of the sugar, so that the process is one which must be carefully con¬ 
trolled.- 

When the molasses has been removed as completely as possible, 
the centrifugals are stopped and the sugar emptied through the 
bottom of the drum into a conveyor, by which it is carried to the 
bagging department, where it is prepared for shipment. The raw 
sugar from the centrifugal contains considerable moisture, and in 
some cases the sugar is dried in revolving drums before being bagged. 
When the sugar has to be shipped for long distances, this drying is 
advantageous for two reasons: first, the excess moisture is removed. 
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thus saving the cost of transporting water; and, second, the sugar is 
sterilized and protected against deterioration. 

The sugar which is made from the pure juice of the cane is called 
first sugar and the molasses drained from this sugar is called first 
molasses. The latter still contains a large amount of sucrose, and 
various processes are used to recover as much of this as will crystal¬ 
lize. The first molasses is sometimes boiled down again in the vacuum 
pan and a second crop of sugar crystals obtained; this is the second 
sugar and the molasses obtained from this the second molasses. The 
second molasses may be boiled over again and a third sugar obtained, 
the molasses from which is the third or final molasses. Of course, as 
the sugar is removed the impurities become more and more con¬ 
centrated in the molasses, until finally a thick stringy mass is ob¬ 
tained which will no longer crystallize. Such a molasses may still 
contain, however, 30 per cent sucrose; there is also present about 
30 per cent invert sugar, 8 to 10 per cent of other organic matter, 
and 8 to 10 per cent of ash. 

The tendency of modern methods in cane sugar manufacture is 
against the repeated boiling of molasses, and the aim is to get as 
much sugar as possible in one operation. Many processes have been 
devised to attain this end. One method is to take the molasses from 
the first strike of sugar, draw this into the vacuum pan with the 
sirup for the succeeding strike, and boil the two down together. The 
masse cuite from this mixture is then run while still hot into large 
tanks, called crystallizers, where it is kept in slow motion by means 
of revolving arms as crystallization goes on. 

SUGAR REFINING 

The process of manufacture described above yields raw sugar, 
which is usually from 95 to 98 per cent pure. The removal of the re¬ 
maining impurities constitutes the refining of the sugar and is usually 
carried on in places where fuel is more abundant than in the tropical 
countries where the sugar cane is chiefly cultivated, since about 25 
pounds of coal are consumed in refining 100 pounds of sugar. The 
difference in price between raw and refined sugar is usually 0.7 to 
0.9 cent per pound and the cost of refining is estimated at 0.6 to 0.65 
cent per pound, leaving a margin of profit so small that it is neces¬ 
sary for the operation to be conducted on a large scale, and with 
scientific control to avoid technological losses, in order to make it 
remunerative. In the United States the industry is carried on in a 
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relatively small number of large establishments in or near the prin¬ 
cipal ports on the Atlantic and Pacific coasts. Thus the average out¬ 
put of the refineries now in operation is over 1,000,000 pounds of 
sugar per day each, some establishments having a much larger output 
than this. 

In principle the refining process consists in washing oiT as much 
as is practicable of the molasses which adheres to the crystals of raw 
sugar, then dissolving the crystals, purifying and decolorizing the 
solution as thoroughly as possible, and recovering the sugar in a 
purified state by recrystallization. While the process is simple in prin¬ 
ciple, the large scale upon which it must be carried out and the ex¬ 
treme precautions necessary to guard against apparently small losses 
if the industry is to be economically successful require elaborate 
equipment and constant chemical control. 

As the sugar, either in granular form or in solution, is passed 
through a number of operations in a continuous stream, it is found 
advantageous to build the refineries several stories high so that after 
the first lifting of the material its transportation from place to place 
for the successive steps of the processes may be effected chiefly by 
gravity. 

The raw sugar is usually carried to the top of the building by 
means of a bucket elevator and washed by mixing with a small 
amount of sugar sirup and then separating in centrifugals, the sugar 
in the centrifugals being sometimes sprinkled with a little water for 
further purification. 

After this washing the sugar usually has a purity of about 99, i.e., 
of the total solids in the moist sugar about 99 per cent is sucrose. 

The sugar is then dissolved in hot water, this step being tech¬ 
nically known as melting the sugar. This process is accomplished by 
running the sugar into water contained in steam-heated pans, the 
proportions and the heating being so regulated as to obtain a solu¬ 
tion of 28° to 30° Baume and a temperature of 150° to 170° F. A 
higher temperature might result in darkening the solution by slight 
decomposition of some of its constituents. 

The hot solution then goes to the blowups for clarification, which 
is accomplished by adding a very small amount of acid calcium phos¬ 
phate and then enough milk of lime to make the mixture neutral or 
very faintly alkaline. The precipitate thus formed carries down such 
impurities as gums and proteins, as well as suspended particles, and 
also removes a part of the coloring matter. The precipitate is re- 
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moved by running the liquid through Taylor filters, which consist 
of twilled cotton bags about six feet long encased in strong, coarse- 
meshed hempen sheaths. A single filter box may contain 400 or more 
of these bags, each attached to the filter head by means of a metal 
bell and socket. 

An alternative method is to mix the liquid with diatomaceous or 
infusorial earth (kieselguhr, celite) and then filter by means of a 
filter press, usually of the shell plate type. 

The filtrate from the bags or presses is clear but not colorless. 
Most of the color is removed from this filtrate by passing it through 
boneblach filters. These are large, strong, iron cylinders, often 10 
feet in diameter and 20 to 30 feet high, filled with boneblack through 
which the sugar solution flows very slowly, usually at about the rate 
of one foot per hour. On account of the immense amounts of bone- 
black required in a modern refinery, this part of the process requires 
very careful control in order to use the boneblack or “char” as eco¬ 
nomically as possible. Freshly charred boneblack removes the color 
from the sugar solution almost completely, but with accumulation 
of impurities in the pores of the char it naturally becomes less effec¬ 
tive until finally the filtrate shows so much color that it must be 
re-treated and the boneblack must be washed and sent to the char 
house for reburning. Every reburning or revivifying leaves the pores 
of the boneblack somewhat clogged by the added carbon from the 
absorbed impurities, so that after 10 or 12 reburnings it is no longer 
economical to use. In the Weinrich oxidizing revivifier the re-bum- 
ing is carried out with a limited supply of air designed to burn out 
the carbon of the impurities but not that of the original char, and 
thus to prolong the usefulness of the boneblack. Vegetable carbons 
are coming into use to some extent to supplement, or possibly in 
some cases supplant, the traditional boneblack. 

The sugar solution which has passed the boneblack filter, and is 
both clear and practically colorless, is evaporated in vacuum pans 
of 1000 to 2000 cubic feet capacity, wherein the sugar solution is 
“boiled to grain” and concentrated to a low water content. In order 
to accomplish this satisfactorily a vacuum is first created in the pan, 
some sugar solution admitted, and steam then passed through the 
heating coils and the solution concentrated until supersatuiated. 
The exact point to which the concentration should be carried is 
determined by an experienced workman, who withdraws samples 
from the pan by means of a proof stick, which is a long brass rod 
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sliding through an air-tight fitting in the side of the pan and carrying 
a cup-like depression by means of which a small sample of the liquid 
in the pan can be removed without disturbing the vacuum. The test 
portion thus withdrawn from the pan is examined by drawing be¬ 
tween the thumb and finger, and, when the exact degree of viscosity 
necessary to insure the immediate production of “grain" is found, 
more of the sugar solution is admitted to the pan, thus chilling its 
contents and starting the crystallization, which is then continued 
as in the corresponding operation of raw sugar production described 
above. 

In the mixer or crystallizer the mass received from the vacuum 
pan is thoroughly stirred while cooling and is then allowed to fall 
into the centrifugals, where the mother liquor, usually known as 
refinery sirup rather than molasses, is thrown out through the per¬ 
forated walls of the rotating drum, leaving the mass of crystals, which 
is sprayed lightly with water for the further removal of the sirup, and 
usually with a solution of ultramarine or "permitted” blue dyestuff 
in order to offset the tendency toward a slightly yellowish color due 
to the very minute trace of mother liquor which still adheres to the 
crystals. 

The washed sugar from the centrifugals is either barreled directly, 
pressed into cubical or domino form, or sent to the granulator to be 
made into the ordinal*) - granulated sugar of commerce. 

The granulator is a long, inclined, revolving cylinder heated by 
a current of hot air and provided with paddles to keep the sugar 
stirred and screens to separate the crystals into standard sizes. After 
granulation and sifting, the sugar is barreled and sent into commerce. 

THE BEET SUGAR INDUSTRY 

About the middle of the eighteenth century Margraf succeeded 
in separating about 6 per cent of sugar from beets, and later (1769) 
Archard in Austria established the first beet sugar factory; but the 
beet sugar industry first became of commercial importance when 
the European supply of imported sugar was shut off by the blockade 
established during the Napoleonic wars. The industry is commonly 
considered as dating from about 1810. 

At about this same time, the polariscope was developed into a 
practicable apparatus for determining sugar, and it became possible 
to test individual sugar beets, and plant for seed the ones of highest 
sugar content. By breeding systematically with constant chemical 
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control, the average sugar content ol the beet has been more than 
doubled, beets showing 16 to 18 per cent of sugar being now not 
uncommon, while in some cases from 20 to 24 per cent of sugar has 
been found. The sugar beet thrives in temperate climates. 

Beets of medium size are usually of better quality than large ones. 
The average composition of the sugar beet and its juice as given by 
Browne is shown in Table 34. 

TABLE 34. COMPOSITION OF SUGAR BEET AND ITS JUICE 
(BROWNE) 



SUGAR BEET 

SUGAR BEET 

JUICE 


per cent 

per cent 

ater 

75-85 

78-84 

ry Substance 

15-25 

16-22 

Fiber (cellulose, etc.) 

4-6 


Sucrose 

12-16 

13-17 

Invert sugar 

0.0-0.3 

0.0-0.3 

Ash (salts) 

0.8-1.5 

0.6-1.0 

Nitrogenous substances 

1.5-2.5 

0.8-1.5 

Gums, acids, etc. 

0.4—0.8 

0.3-0.6 

Wax, fat, etc. 

0.2 



It will be noted that there is more water and less fiber in the 
sugar beet than in the sugar cane; there is also more ash (or salts) 
and more nitrogenous matter, but much less invert sugar, in the beet 
than in the cane. These differences in composition have an impor¬ 
tant bearing upon the differences in process of manufacture. 

The beets, after they are dug and have had their green tops re¬ 
moved, are hauled to the factory; they are washed to remove adher¬ 
ing earth, shaken to remove adhering water, and then passed over 
knives which reduce them to fine slicings or chips. The fine slicings 
are next carried by a conveyor to the diffusion battery, which consists 
of a series of tall boiler-shaped cylinders called cells. These cells aie 
connected by pipes, the outlet from the top of one cell passing down¬ 
ward into the bottom of the next and so on around. Each cell is filled 
with beet slicings through a manhole at the top and when full is 
lightly closed with a cover which is clamped into place. Twelve cells 
connected in series usually constitute a battery, and when all aie 
filled, warm water of about 80° C. is passed through the system. The 
water circulating upwards through each cell removes the sugar from 
the beet slicings and becomes richer and richer in sugar with each 
succeeding cell. Heaters are placed between the cells so that the 
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circulating water is kept always at the right temperature. When the 
water has made a complete circuit ol the battery, the slicings in the 
first cell are practically exhausted; this cell is then thrown out of 
circulation, emptied of exhausted chips, refilled with fresh slicings, 
and reconnected with the system, while the second cell undergoes 
replenishing. The process is thus a continuous one; typically 10 cells 
ate always in circulation, while one is always being emptied and one 
always being refilled. 

The exhausted slicings from the ((illusion cells are dried by the 
heat of the flue gases from the boilers and are then sold as a cattle 
food. 

The diffusion juice as it leaves the last cell of the battery contains 
from 12 to 15 per cent sugar and is ready for clarification. The juice 
is first treated with a considerable excess of lime, and the dissolved 
lime precipitated by leading in a stream of carbon dioxide. This 
process is called carbonatation. 

After the first treatment with lime and carbon dioxide, the pre¬ 
cipitated calcium carbonate and other impurities are filtered off in 
filter presses and the juice subjected to a second carbonatation. 

The juice from the second carbonatation is again filtered, when 
it is evaporated, grained, and centriiugaled, these processes being 
carried out essentially as described lor cane juice. 

There is a great difference in the physical properties of raw cane 
sugar and raw beet sugar. Raw cane sugar has usually a fragrant 
odor and a pleasant taste which many prefer to the refined product, 
while raw beet sugar has a bitter and nauseating taste and an odor 
suggestive of glue. 

Very generally, beet sugar is refined in the same factoiies in which 
it is extracted from the beets. 

MOLASSES, SIRUPS, HONEY 

Molasses was formerly the mother liquor remaining after the 
removal of one crop of sugar crystals from the boiled-down juice of 
the sugar cane. Since the removal of cane sugar by one crystallization 
is far from complete, the molasses thus obtained was rich in sucrose 
and contained also much the greater part of the other constituents of 
the cane juice. 

The introduction of modern methods into sugar house practice 
has tended steadily to remove the sucrose more and more completely, 
with the result that the amount of molasses is decreased, its sugar 
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content is lowered, and its content of impurities is increased. The 
term “impurities” is somewhat misleading, since the constituents 
other than sucrose which cane juice naturally contains are unques¬ 
tionably of food value; in fact, the molasses is a much less one-sided 
food than the sugar removed from it. When, however, the ash con¬ 
stituents and “nitrogenous extractives” of the cane juice are con¬ 
centrated to such an extent as in the final molasses of a modern raw 
sugar factory, the product is too strong in flavor to be attractive as 
human food, and may contain such a high concentration of salts as 
to throw doubt upon its wholesomeness when eaten in any consider¬ 
able quantity. To illustrate the difference in composition between 
molasses from successive crystallizations of sugar, Wiley gave the 
following typical analyses of first, second, and third molasses, the 
composition being reduced to a uniform basis of water content 
(Table 35). 


TABLE 35. COMPOSITION OF FIRST, SECOND. AND THIRD 
MOLASSES (WILEY) 



FIRST 

SECOND 

THIRD 


MOLASSES 

MOLASSES 

MOLASSES 


per cent 

per cent 

per cent 

Water 

20.00 

20.00 

20.00 

Sucrose (cane sugar) 

53.60 

41.70 

31.70 

Dextrose (glucose) 

8.76 

12.20 

15.00 

Levulose (fructose) 

8.00 

12.50 

16.50 

Acids and gums 

4.50 

6.50 

8.20 

Proteins 

0.20 

0.25 

0.30 

Amids 

0.94 

1.50 

2.00 

Ash 

4.00 

5.35 

6.30 


Refiner’s sirup is, as already explained, the mother liquor or 
residual liquid product obtained in the process of refining raw sugar. 
This product is also called sugar refinery molasses and sometimes 
sugar-house molasses. The latter expression is ambiguous since the 
term sugar-house is more commonly applied to the raw sugar factory 
than to the refinery. 

Mixed sirups. Refiner’s sirup contains the coloring and flavoring 
substances which distinguish the brown or yellow raw cane sugar 
from the white refined sugar (which latter, as it appears in commerce, 
may have been made either from the cane or the beet). The char¬ 
acteristic flavor of the raw cane sugar which is thus left in the sirup 
in the refining process is preferred by many people to the mere sweet- 
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ness of sucrose or glucose. Hence refiner’s sirup is in demand for 
mixing with commercial glucose sirup (made from corn, as described 
in Chapter VIII) for the production of “corn sirup with cane flavor.” 
Other mixed sirups are made from commercial glucose or corn sirup 
with refined cane sugar sirup (the product in this case being practi¬ 
cally colorless), with sorghum sirup made by boiling down the juice 
of the sorghum cane, or with sirups made by concentrating the juice 
of the sugar cane without removing any of the sugar. More expensive 
mixed sirups are those made by mixing either glucose or sucrose 
sirup with maple sirup. 

Maple sirup is the most highly prized of all table sirups. It is 
made by evaporating the sap of the sugar maple to such a point that 
the product contains only about 30 per cent of water. 

Open kettle cane sirup, made by boiling down in open vessels 
the juice of the sugar cane to a consistency similar to that of molasses, 
has been said to be a common article of food in the Southern states. 
The product contains all the sugars and ash constituents of the cane 
juice, and their relative proportions are changed only in so far as 
the sucrose is in part hydrolyzed to glucose and fructose, and in part 
caramelized, giving the sirup a reddish tint. 

Sorgo sirup is made both on a farm scale and on a commercial 
scale in the Southern and Middle Western states, where the sweet 
sorghums can be cultivated successfully. The sirup is prepared b> 
crushing the stalks, removing the impurities from the expressed 
juice, and concentrating it by evaporation. Sorgo sirup is used for 
both table and culinary purposes. 

Honey. Before sugar became a common article of commerce, 
honey was the chief sweetening material in use. Honey consists 
chiefly of a mixture of sugars gathered from flowers and more or less 
changed by the honeybee. It is the only common food material which 
contains more fructose than glucose. The average of 92 analyses of 


normal honey * showed: 

per cent 

Water 

17.70 

Sucrose 

1.90 

Fructose (levulose) 

-10.50 

Glucose (dextrose) 

3-1.18 

Dextrin 

1.51 

Ash 

0.18 

Undetermined 

3.73 


• Wiley's roods and Their Adulteration. 
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In some instances genuine honey has been found to contain as 
high as 8 per cent of sucrose; more than that would usually be taken 
as an indication that the honey is either abnormal or adulterated. 
The differences in flavor are largely due to the characteristic esters 
(“ethereal” substances) found in the nectar of different flowers. With 
the production of sucrose and glucose on a large scale and at a low 
price, honey has become relatively a luxury, and, until protected by 
legislation, was largely adulterated with sucrose and glucose sirups. 
References to fuller information on honey will be found at the end 
of this chapter. 

COMPOSITION OF SWEETS 

Table 36 shows plainly the close resemblance in approximate 
composition of sugars and sirups from different sources. With the 
exception of molasses and sugar cane sirup which still retain a sig¬ 
nificant proportion of the mineral elements of the plant juices, sugars 
and sirups, irrespective of color and state of solution or crystalliza¬ 
tion, make their sole contribution to the diet through their carbo¬ 
hydrate content. Since the energy expenditure involved in the diges¬ 
tion of the more complex sugars is negligible, the fuel value of com¬ 
mercial sugars and sirups depends upon the percentage of water 
and ash constituents present rather than upon the chemical structure 
of the carbohydrate molecule. 

Molasses (and probably cane sugar sirup) is relatively rich in 
both iron and calcium. 

There seems to be in some quarters a greatly exaggerated impres¬ 
sion of the difference between white sugar and brown. It is true that 
brown sugar contains some of the mineral elements of which white 
sugar contains practically none; but the amounts of these elements in. 
brown sugar are very variable and never very large. 

ARE CANE AND BEET SUGARS IDENTICAL? 

The question is frequently raised whether cane and beet sugars 
are strictly identical. The answer depends upon the way in which 
the question is understood. The sugar in each case is sucrose, and 
if this were rendered absolutely pure, it would be the same whether 
derived from beet or cane. But absolute purity is not quite attained 
in the refining process. According to Prinsen Geerligs, “All white 
cane sugars contain traces of reducing sugars,” which can not be 
detected in fully refined beet sugar. This may result in a difference 
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TABLE 36. APPROXIMATE COMPOSITION OF SUGARS AND SIRUPS 


CARRO- FUEL VALUE 


11\ ORATES 




PROTEIN 


BY DIF¬ 


I*cr 100 

Per 

DESCRIPTION 

WATER (N X 6-25) 

FAT 

FERENCE 

ASH 

grains 

pound 


per 

per 

per 

per 

per 




cent 

cent 

cent 

cent 

cent 

cals. 

cals. 

Honey • 

18.2 

0.4 

— 

81.2 

0.2 

326 

1480 

Molasses, cane® 

25.1 

2.4 

— 

69.3 

3.2 

287 

1300 

Sirup, corn and canc 6 
Sirup, com with re¬ 

25.4 

0.2 

— 

74.2 

0.2 

300 

1280 

finer’s 6 

25.3 

0.2 

— 

73.9 

0.6 

300 

1361 

Sirup, maple • 

— 

— 


71.4 

— 

286 

1295 

Sirup, sorgo c 

• 

2.4 

— 

63.0 

? 

262 

1186 

Sugar, brown ° 

? 

? 

— 

95. 

? 

380 

1723 

Sugar, granulated® 

— 

— 

— 

100. 

— 

400 

1814 

Sugar, powdered ® 

— 

— 

— 

100. 

— 

400 

1814 

Sugar, corn 

— 

— 

— 

100. 

— 

400 r 

1814° 

Sugar, maple ® 

? 

? 

? 

82.8 

? 

331 

1302 

Sirup, sugar canc 5 

28.0 

0.4 

— 

69.1 

2.5 

300 

1360 


•From the tables of Atwater and Bryant. 

b From descriptions of "accepted" foods published by the American Medical 
Association. 

f From Bailey, Food Products. 

d Calculated by the usual factor of 4 Calories per gram of carbohydrate. 

in the products obtained from cane versus beet sugars in making, 
for example, some kinds of confectionery. 

CONFECTIONERY 

The term confectionery covers a variety of products, all artificial 
or manufactured, consisting largely of sugar of some kind, with 
flavoring and usually also coloring material either added or de¬ 
veloped by cooking processes. 

Since all confections are artificial products, there is no natural 
guide to the establishment of any direct standards of food value, 
and as yet no standards other than those intended to exclude dele¬ 
terious substances have been established. 

In so far as one indulges in confectionery, the forms containing 
substantial amounts of nuts and fruits are much preferable nutri¬ 
tionally to those that are little else than artificially flavored sugar. 

PLACE OF THE SUGARS IN THE DIET 

Dogmatic statements regarding the proper place of sugars in the 
diet are apt to be seriously misleading. The problem is complicated. 
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Until relatively recent times sugar was too expensive to be used 
freely by most people, but with the development of the industry and 
the cheapening of the product the consumption of sugar increased 
at an exceedingly rapid rate. 

The thoughtful student of food problems must regard this de¬ 
velopment with mixed emotions. The cheapening of a staple article 
of food, which is almost universally popular and which, like the 
refined sugar of commerce, is of uniform and well-known composi¬ 
tion and practically free from danger of adulteration or harmful 
deterioration, would be a source of satisfaction but for the fact that 
refined sugar constitutes an extreme case of a one-sided food, its 
sole nutritive function being to serve as fuel so that, as the energy 
requirement of the body is met to a larger and larger extent by the 
consumption of refined sugar there is a constantly increasing danger 
of unbalancing the diet and making it deficient in some of the sub¬ 
stances which are needed for the building and repair of body tissue 
and for the regulation of physiological processes. This consideration 
becomes more and more impressive as we learn more.and more of 
the great importance of liberal intakes of some of the mineral ele¬ 
ments and vitamins. 

The fuel value of sugar is about 1800 Calories per pound so if, as 
estimated, the consumption of sugar in the United States now 
amounts to about 100 pounds per capita per year, the energy ob¬ 
tained from eating sugar must amount to about 500 Calories per 
capita per day. If the per capita energy requirement be estimated 
at about 2500 Calories per day,* it follows that about one-fifth of 
the energy requirement is being met by eating sugar (of course not 
all of this sugar appears on the table as such) and that the intake of 
protein, phosphorus, calcium, iron, and vitamins is on the whole 
proportionately diminished. Are we to assume that the ordinary 
dietary of the people of the United States furnishes such an abun¬ 
dance of all the essential elements and each specific necessary com¬ 
pound that such a diminution in the intake of mineral elements and 
vitamins is of no consequence? The investigations of recent years 
indicate strongly that no such assumption is justified. From this 

* If 3000 and 2-100 Calories per day be accepted as the average requirements 
of men and women, respectively, when engaged in moderately active muscular 
labor, it seems probable that the per capita requirement of the entire population, 
of whom about 20 per cent are below 15 years of age and many are not muscular } 
active, will not exceed 2500 Calories per day. 
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standpoint it would be an improvement if without other change in 
dietary habits the sugar consumption were reduced, and the needed 
energy obtained by increasing the consumption of other food ma¬ 
terials. 

It is doubtful whether in any other country the increase in con¬ 
sumption of refined sugar during the past two or three generations 
has been so rapid as in the United States. The pre-war per capita 
consumption of sugar in several of the chief countries of the world 
can be compared with more recent consumption data in Table 37. 

TABLE 37. ESTIMATED PER CAPITA CONSUMPTION OF SUGAR 


POUNDS PER CAPII A 



Browne (about 1912) 

Robertson (1932) 

Australia 

— 

129 

United Stales 

8:> 

112 

Denmark 

— 

111 

Great Britain 

95- 

91 

New Zealand 

— 

90 

Canada 

— 

90 

Cuba 

— 

89 

Switzerland 

— 

83 

Sweden 

—- 

80 

Argentina 

— 

68 

Netherlands 

— 

65 

France 

43 

•19 

Germany 

49 

•18 

Austria 

28 

— 

Mexico 

— 

26 

Italy 

11 

19 

Russia 

24 

11 

Spain 

16 

— 

Java 

— 

12 

• England. 




It will be seen that the per capita consumption of sugar in conti¬ 
nental Europe is not over half that in the United States. England 
reports a large per capita consumption, but it is to be noted that 
these statistics include both the sugar eaten as such and that used in 
the preparation of manufactured foods. Since England exports (es¬ 
pecially to the other British nations) large amounts of jam, marma¬ 
lade, and other manufactured food products containing much added 
sugar, it may be doubted whether the actual per capita consumption 
of sugar in England is as large as the statistical estimates indicate. 

The objection to the too free use of sugar, on the ground that 
it serves only as fuel and may replace to an undue extent other food 
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materials which meet other nutritive requirements, applies equally 
to commercial glucose and to most candy. It does not hold to the 
same extent as regards molasses and those sirups which contain the 
natural ash constituents of the plant juices. Probably the most de¬ 
sirable of all materials with which to satisfy a desire for sweet-tasting 
foods are the fruits, several of which contain from 10 to 15 per cent 
of sugars in the fresh state and from 50 to 75 per cent when dried. 
Some of the advantageous characteristics of fruit as food are dis¬ 
cussed elsewhere (Chapters X and XV). 

In addition to the question to what extent sugar may be allowed 
to displace other foods without nutritional disadvantage, there are 
several other considerations which should be kept in mind in at¬ 
tempting to assign to sugar its proper place as a food. 

Sucrose entering the blood as such is not utilized; only the prod¬ 
ucts of digestion are normally absorbed into the body. The digestion 
of sugar is a relatively simple process since it involves only one hy¬ 
drolysis. This digestive hydrolysis, however, is in the main not 
effected until the sugar reaches the intestine. Hence nearly all the 
sugar eaten remains as such in the stomach unless it is decomposed 
there by the action of microorganisms. Herter found that cane sugar 
is more apt to undergo fermentation in the stomach than is milk 
sugar. The products yielded by the more common types of fermen¬ 
tation, of which lactic acid is perhaps the best-known example, are 
not very actively deleterious but may be irritating when formed in 
large amount. Aside from the question of fermentation, sugar is often 
directly irritating to the stomach. 

The fact that sugar may have a disturbing influence upon diges¬ 
tion does not imply that the sugar itself is at all likely to escape di¬ 
gestion. The readiness with which sugar is hydrolyzed by the sugar¬ 
splitting enzyme of the intestinal juice combined with the suscepti¬ 
bility of sugar to the attack of bacteria makes it unlikely that much 
sugar will pass through the digestive tract unchanged. 

As sucrose is so readily hydrolyzed in the digestive tract, it seems 
improbable that there can be any significant difference between 
sucrose and invert sugar as food. 

In a bulletin of the United States Department of Agriculture,* 
Mrs. Abel cited experiments in which 5 ounces of sugar per day, fed 
to healthy men as part of a simple mixed diet, showed an average 

• Farmers' Bulletin 535, June, 1913. 
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digestibility of 98.9 per cent. According to the same authority 3 01 1 
ounces per day "seem to be digested bv the healthv adult without 
difficulty.” 

Athletes and farm laborers at hard work have in many instances 
been observed to take large quantities of sugar, often as lemonade 
or in admixture with other fiuit juices, without any apparent ill 
effects. In such cases the sugar is employed to 1 it■ nish the extra energy 
required for the muscular activity and so does not nccessarilv tend 
toward a subnormal intake of the foods which are valuable lot their 
mineral elements and vitamins as well as their energy. In fact, when 
the sugar is taken with fruit juices, the consumption of the latter 
may thereby be increased. 

Mrs. Abel, in the Government bulletin refened to above, re¬ 
marked: 

“One may say in general that the wholesomeness of sweetened 
foods and their utilization by the system is largely a question of 
quantity and concentration. For instance, a simple pudding flavored 
with sugar rather than heavily sweetened is considered easy of diges¬ 
tion, but when mote sugar is used, with the addition of eggs and fat, 
we have as the result highly concentrated forms of lood, which can 
be eaten with advantage only in moderate quantities and which 
are entirely unsuited to children and invalids. 

“It is true that the harvester, lumberman, and others who do 
hard work in the open air consume great amounts of food containing 
considerable quantities of sugar, such as pie and doughnuts, and 
apparently with impunity: but it is equally true that people living 
an indoor life find that undue amounts of pie, cake, and pudding, 
with highly sweetened preserved fruit, and sugar in large amounts 
on cooked cereals, almost always bring indigestion sooner or 
later. 

“From a gastronomic point of view it would seem also that in 
the American cuisine sugar is used with too many kinds of food, 
with a consequent loss of variety and piquancy of flavor in the 
different dishes. The nutty flavor of grains and the natural taste of 
mild fruits are very often concealed by the addition of large quan¬ 
tities of sugar.” 

It may be advisable to give special attention to the place of sweets 
in the diet of children. The paragraphs which follow arc quoted 
from a discussion of the subject prepared by the author for the 
American Child Health Association and adopted as part of a report 
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of the Committee on Nutritional Problems of the American Public 
Health Association. 

"What then is the place of the sweets? Like eggs and fats they 
are esteemed in cookery as means of attaining the flavors and tex¬ 
tures desired in many food mixtures and made dishes; but we are 
here chiefly interested in their nutritional significance. Candied 
fruits, milk chocolate, ice cream, and so on, are sometimes cited as 
sweets which convey mineral and vitamin values, and this is true to 
the extent that they contain fruit, milk, or other of the foods which 
are good sources of mineral elements and vitamins; but the sugar 
itself contributes nothing to the food value except as a source of 
calories. Children normally are active and spend more calories of 
energy in proportion to their weight than do any but very active 
adults; but the children are growing at the same time and ought to 
get liberal supplies of proteins, vitamins, and mineral elements along 
with their calories, and it is a sobering thought that sugar, as it now 
comes into commerce, is the most completely devoid of proteins, 
vitamins, and mineral elements of all the foods which we give our 
children. From the nutritional standpoint, therefore, it would seem 
that sugar should be of all foods the most cautiously used in feeding 
children lest it displace too much of the foods which can do what it- 
cannot in supplying the proteins, vitamins, and mineral elements 
which the children need so urgently and so abundantly for their 
healthy growth and development. 

"We sometimes hear of the natural craving of children for sweets; 
but what sweets do we find in nature? Never do we find in nature 
either candy or such concentrated and isolated forms of sugar as are 
found in the grocery and confectioners’ shops. In sweet foods as they 
actually occur in nature, the sweetness is largely a bait which renders 
more acceptable to the palate the mother’s milk, which is un¬ 
doubtedly the best of all foods for the young, and also the juices of 
many fruits and vegetables (and even the saps of some trees) which 
are of added nutritive value to us because of the mineral elements 
and vitamins which they contain. (And if we trace the natural func¬ 
tion of sweetness still further back, we find that the sweet which we 
meet in honey was before that contained in the nectar of the flower, 
where it served to bait the bee which, in collecting the nectar for 
his own use, spreads the pollen which serves to reproduce the flower¬ 
ing plant.) Thus sugar is essentially a bait, or, in Bunge’s words, 
not only an aliment but also a condiment, and easily lends itself, as 



PLACE OF THE SUGARS IN THE DIET 


:ir> 1 

all such things do, to abuse. The danger of abuse is of more than 
one kind. Too much sugar may spoil the appetite for other foods 
of less pronounced flavor but much more pronounced value in nu¬ 
trition, and it may displace these more important foods in meeting 
the calorie needs of the body, with the result that while the caloric 
need is fully met there may be a shortage of some essential mineral 
element or vitamin; a shortage not detected at the time but detri¬ 
mental to subsequent growth and health. It is argued that sugar is 
good for active children because it is a quick fuel, and the use of 
sugar by athletes during endurance contests is cited in support of 
this idea. The idea has some basis, but it is greatly overworked, if 
not actually perverted. Who would seriously consider a Marathon 
race as a suitable exercise for a growing child? And who would 
seriously claim that the concentration of sugar which can be borne 
by the fully developed and hardy stomach of an athlete would be 
equally well suited to the still-developing stomach of the growing 
child which always has enough to do to handle the large amount of 
food which growth requires, without subjecting it to any unnecessary 
risk of irritation? 

"Careful study of much that has recently been written in behalf 
of increased use of such concentrated sweets as candy leaves us with 
the distinct conviction that such teaching is not sound from the 

standpoint of the health interests of children. 

* • # 

"A moderate amount of jam may be good for children—its sweet¬ 
ness may appeal to their palates and its fruit content will almost 
certainly be good for their health. A liberal amount of ice cream may 
be good—they may like it because of its sweetness and they will 
almost certainly be benefited by the extra milk and cream which 
they thus get. Without multiplying illustrations, it may be said that 
in general the proper place of sugar in the food supplies and eating 
habits of children is not in such concentrated forms as candy, nor in 
the indiscriminate and excessive sweetening of all kinds of foods, 
but rather as a preservative and flavor to facilitate the introduction 
into the child's dietary of larger amounts of the fruit and the milk, 
the importance of which to child health has been increasingly em¬ 
phasized with each year's progress in our knowledge of nutrition." 
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CHAPTER XIV. FOOD ADJUNCTS, UNCLASSIFIED 
FOOD MATERIALS, AND EXTRA FOODS 


Many articles commonly classed with foods are consumed rather 
for their conclimental properties than for nutritive value. In com¬ 
merce and in food legislation there is usually no attempt to define 
the boundary between foods and condiments. 

The food adjuncts can claim a place in a general consideration 
of food products in that even those which have not been shown to 
have nutritive value in themselves may yet play a part in the utiliza¬ 
tion of major articles of food. Thus vinegar and perhaps the spices 
are concerned in the preservation of perishable foods; the leavening 
agents are associated with the diverse forms in which grain products 
enter into the dietary; and for many people the beverage contributes 
to the sense of well-being which accompanies the eating of a satisfy¬ 
ing meal. Food adjuncts have also another place in food economics 
because unwise expenditures for these materials may curtail seriously 
the money available for essential foods. 

Food adjuncts receive their fair share of attention from the Food 
and Drug Administration, but the new food, drug, and cosmetic law 
has not yet given numerical form to the standards of purity for 
many of the commodities so that legal requirements are in many 
cases still tentative. 

The f ood, Drug, and Cosmetics Act differs from the Food and 
Drugs Act, which it replaces, in the administration of standards. As 
this book is not a law manual but a descriptive account of foods, we 
may here take standards whenever set up as expert evidence as to 
what the composition of spices, condiments, etc., should be. 

SALT 

Salt is prepared in many localities throughout the world, some¬ 
times by mining rock salt, sometimes by pumping brine out of salt 
wells, sometimes by impounding the water of salt lakes or of the 
ocean, and allowing it to evaporate in the sun, then refining the 
product by recrystallization. 
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According to Bailey most of the salts on the market contain from 
97 to 99 per cent of sodium chloride. 

As authoritatively defined, (able salt, dairy salt, is fine-grained 
crystalline salt containing, on a water-free basis, not more than 1.4 
per cent of calcium sulfate, not more than 0.5 per cent of calcium 
and magnesium chloride, not more than 0.1 per cent of matters in¬ 
soluble in water. 

In order to prevent salt which is to be exposed to atmospheric 
conditions on the table from becoming caked through absorption ol 
moisture, it is sometimes mixed with a small amount of starch, cal¬ 
cium phosphate, or other compounds. To avoid conflict with the 
standard set by the Official Chemists, salt thus prepared should be 
labeled to show its nature and composition. 

In limited amounts salt serves valuable physiological functions 
in the body. In the average diet, however, the salt intake is prob¬ 
ably many times greater than the physiological requirement. To 
quote Bunge again “Salt is not only an ailment, it is also a condi¬ 
ment, and easily lends itself, as all such things do, to abuse.” 

Iodized salt. It is now well established that the extreme preva¬ 
lence of goiter in certain parts of the country is attributable to de¬ 
ficiency of iodine in the food and water of these regions and may be 
prevented by the simple administration of small quantities of iodide. 
One of the accepted means of supplying sufficient iodides is through 
the addition of 0.02 per cent of sodium iodide (or of potassium 
iodide) to table salt. The routine use of iodized table salt in goiterous 
regions has been practiced since 1924 and has been demonstrated to 
be an effective means of protection against simple goiter. Iodized 
salt may be bought at most grocers or mixed at home according to 
the following direction of Hirschfelder: * 

A stock of “iodized salt” consisting of 99 per cent table salt and 1 
per cent potassium iodide is prepared by grinding the two salts to¬ 
gether until finely powdered and thoroughly mixed and is then kept 
constantly on hand. Thereafter as each 5-pound bag of table salt is 
purchased it is spread in a thin layer and 5 teaspoonsful of the 
iodized salt are evenly added to the 5 pounds of table salt by means 
of an ordinary salt shaker. The salt thus treated is thoroughly mixed 
and used in cooking and for table salt. 

• Journal of the American Medical Association, 79, 1 12G (1922). 



356 


ADJUNCTS, FOOD MATERIALS, EXTRA FOODS 


BAKING POWDERS 

According to the definition and standard adopted by the U. S. 
Department of Agriculture for the guidance of officials of the Food 
and Drug Administration: 

Baking powder is the leavening agent produced by the mixing of at. 
acid-reacting material and sodium bicarbonate, with or without starch or 
flour. 

It yields not less than 12 per cent of available carbon dioxide. 

The acid-reacting materials in baking powder are: (1) tartaric acid or 
its acid salts, (2) acid salts of phosphoric acid, (3) compounds of aluminum, 
or (4) any combination in substantial proportions of the foregoing. 

Other harmless substances not included in the above list may also be 
used in baking powders provided that their presence is mentioned on the 
label. 

Classification. According to their acid-reacting components, most 
baking powders may be divided into three general classes: (1) tartrate 
powders, the acid constituent of which is potassium acid tartrate 
(cream of tartar) with or without the addition of tartaric acid; (2) 
phosphate powders, the acid constituent of which is calcium acid 
phosphate or sodium acid pyrophosphate; and (3) combination 
powders, the acid constituents of which are usually sodium alumi¬ 
num sulphate and calcium acid phosphate. 

Sodium bicarbonate is universally used as the source of carbon 
dioxide. Cornstarch is used to keep the reacting ingredients dry 
and inert until moisture is applied at the time of mixing the batter 
and also to equalize the output of carbon dioxide from powders of 
various types. 

The nature of the chemical reaction in a given type of powder 
may vary. The most probable equations are given below. 

In tartrate powders the cream of tartar and the tartaric acid 
react as follows: 

(1) HKC 4 H 4 O c + NaHC0 3 —»NaKC 4 H 4 O 0 + CO, -f- H 2 0 

(2) H 2 C 4 H 4 O 0 + 2 NaHC0 3 —»Na,C 4 H 4 0 6 + 2 C0 2 + 2 H z O 

In phosphate powders under favorable conditions the following 
reaction probably takes place: 

3 CaH 4 (P0 4 ) 2 + 8 NaHC0 3 Ca 3 (P0 4 ) 2 + 4 Na,HP0 4 

_f_ 8 C0 2 + 8 H 2 0 
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With a combination baking powder the reaction is probably 
threefold, including (1) that between the sodium aluminum sulphate 
and the soda; (2) that between the mono-calcium phosphate and the 
soda; (3) that between the “alum” and the phosphate. 

SPICES AND CONDIMENTS 

As developments in preservation and tiansportatioti have greatlv 
increased the variety of foods available at all seasons, spices and 
condiments have become of decreasing importance. Nevertheless, 
spices still constitute a major article of commerce for some countries 
of southeastern Asia. 

Even in the clays when spices were considered most essential, it 
is probable that they were not used in sufficient concentration to be 
effective preservatives, but they undoubtedly sometimes served (as 
they still may) to cover up flavors of deterioration in the food. 

The spices owe their condimcntal properties most olten, prob¬ 
ably, to volatile oils, but also in several cases to other substances, as 
will be seen from the descriptions which follow. 

McNair classifies the spices according to properties into three 
groups: (1) the stimulating condiments, (2) the aromatic spices, and 
(3) the sweet herbs. The individual members of each group will be 
considered briefly in the following paragraphs. 

(1) The stimulating condiments. In terms of amount consumed, 
pepper is the most important member of this group. 

Cayenne, or cayenne pepper, is the dried ripe fruit of Capsicum 
frutescens, Capsicum baccatum, or some other small fruited species 
of Capsicum, and owes its pungency largely to the presence of a 
characteristic alkaloid capsicine. 

Paprika is the dried ripe fruit of Capsicum annuum, or some 
other large fruited species of Capsicum, excluding seeds and stems. 

Pepper is the berry of a climbing plant (Piper nigrum) which is 
cultivated in tropical countries. Black pepper is obtained by picking 
the berries while immature; white pepper, by allowing the berries 
to ripen and become more starchy. The condimcntal properties are 
attributed chiefly to the volatile oil, a hydrocarbon of the formula 
C 10 H 10 , and the nitrogenous bases piperidine and piperine. 

Mustard seed is the seed of Sitiapis alba (white mustard), Brassica 
nigra (black mustard), Brassica juncea (black or brown mustard). 
These are annual plants belonging to the family Cruciferae. 

The seeds contain a considerable proportion of fatty oil of the 
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same general character as rapeseed oil. In preparing the ground 
spice the seeds are crushed and the hulls are usually separated more 
or less completely. A part of the fatty oil is then pressed out and the 
residual mustard cake is broken up and reduced to a fine powder 
which is the mustard flour of commerce. 

While mustard seeds contain very little volatile oil as such, there 
are present substances which, under the influence of enzymes also 
present, readily undergo hydrolysis with formation of volatile oil. 

Horseradish is the root of Radicula armoracia either by itself or 
ground and mixed with vinegar. 

(2) The aromatic spices. Allspice, or pimento, is obtained from 
an evergreen tree, belonging to the same family with the clove, which 
is found in the West Indies and is cultivated chiefly in Jamaica. 

The commercial spice is obtained by drying the berries, which, 
in order to avoid loss of aroma, are gathered when they have grown 
to full size but before they are fully ripe. 

The volatile oil of allspice is similar to that of cloves and accord¬ 
ing to Leach is composed of eugenol (C 10 H 12 O 2 ) and a hydrocarbon 
belonging to the sesquiterpenes whose exact chemical constitution 
has not yet been determined. 

According to the definition and standard of the United States 
Department of Agriculture: Allspice, pimento, is the dried nearly 
ripe fruit of the Pimenta officinalis L. It contains not less than 8 per 
cent of quercitannic acid, not more than 6 per cent of total ash, not 
more than 0.4 per cent of ash insoluble in hydrochloric acid, and 
not more than 25 per cent of crude fiber. 

Anise is the fruit of the Pimpinella anisum L. 

Caraway is the fruit (so-called seed) of Carum carui L., an um¬ 
belliferous plant growing chiefly in the northern and central parts 
of Europe and Asia. The dry caraways yield 3 to 6 per cent of a 
volatile oil which is said to contain cymene, cymene aldehyde, car- 
vone, and limonene. 

Cassia is the dried bark of Cinnamonum cassia and some other 
species of the same genus. Its condimental properties are due to the 
volatile oil, which may be obtained as such in commerce under the 
name of oil of cassia, and of which the chief component is cinnamic 
aldehyde. Cassia buds are the dried immature buds of species of 
Cinnamonum. 

Cinnamon in the stricter use of the term (true cinnamon) is the 
dried inner bark of Cinnamonum zeylanicum (Beyne). Commonly, 
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however, the term cinnamon is applied to the dried bark of any 
species of Cinnamomnn from which the outei layers may or may 
not have been removed. Cinnamon, like cassia, owes its characteristic: 
properties to a volatile oil of which cinnamic aldehyde is the chief 
component. 

Ground cinnamon or ground cassia is a powder consisting of 
cinnamon, cassia, cassia buds, or a mixture of these. 

Cloves are the dried flower buds of the clove plant (Caryof)hyllus 
aromaticus, or Eugenia caryofhyllata) which is an evergreen tree 
growing 20 to 40 feet high and cultivated largely in Brazil, Ceylon, 
India, Zanzibar, Mauritius, and the West Indies. 

The condimental property of cloves is chiefly due to the volatile 
oil, which consists mainly of eugenol with smaller quantities of a 
sesquiterpene known as caryophylene. Possibly, however, the fixed 
oils and resins and the tannin may also contribute to the character¬ 
istic pungency of the clove. 

According to the standard of the Association of Official Agri¬ 
cultural Chemists cloves must contain not more than 5 per cent of 
clove stems, not less than 15 per cent of volatile oil, not less than 12 
per cent of quercitannic acid, not more than 7 per cent of total ash, 
not more than 0.5 per cent of ash insoluble in hydrochloric acid, and 
not more than 10 per cent of crude fiber. 

Coriander is the dried fruit of Coriandrum sativum L. 

Cumin seed is the fruit of Cuminum cyminum L. 

Ginger is the rhizome or root-stock of Zinziber officinale or 
Zinziber zinziber, an annual plant growing 3 to 4 feet high, a native 
of India and China, now cultivated also in tropical America, Africa, 
and Australia. 

The root is either washed or peeled (decorticated), then dried, 
and sometimes bleached or sprinkled with carbonate of lime. Pre¬ 
served ginger is prepared by boiling the root and then treating it 
with sugar or honey. 

Ginger is distinguished by high starch content and by its volatile 
oil and its resinous matter. The latter is most abundant in the outer 
layers, and so is largely lost when the roots are peeled or decorticated. 

According to the standards of the Official Agricultural Chemists, 
ginger must contain not less than 42 per cent of starch and not more 
than 8 per cent of crude fiber, 7 per cent of total ash, 1 per cent of 
lime, 2 per cent of ash insoluble in hydrochloric acid; while limed 
("bleached”) ginger must contain not over 4 per cent of lime or 10 
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per cent of total ash and in other respects should conform to the 
standard for ginger. 

Mace is prepared by drying the arillus which surrounds the nut¬ 
meg kernel. Mace contains notable quantities of fixed oils and of 
resinous matter. Its volatile oil resembles that of nutmeg. It contains 
a considerable amount of carbohydrate, which behaves like starch 
in analysis but gives only a red reaction with iodine and is called an 
amylodextrin. 

According to the standard of the Association of Official Agricul¬ 
tural Chemists mace should contain between 20 and 30 per cent of 
nonvolatile ether extract and not more than 3 per cent of total ash, 
0.5 per cent of ash insoluble in hydrochloric acid, or 10 per cent of 
crude fiber. 

Nutmeg is the dried seed of the Myristica fragrans, a tree native 
to the Malay archipelago, which somewhat resembles the orange tree 
in appearance. 

I he nutmegs are prepared for commerce by drying, usually after 
washing in limewater, or are powdered with air-slaked lime after 
drying. 

As standardized by the Association of Official Agricultural Chem¬ 
ists, nutmeg should contain not less than 25 per cent of nonvolatile 
ether extract, not more than 5 per cent of total ash nor more than 
0.5 per cent of ash insoluble in hydrochloric acid, and not more 
than 10 per cent of crude fiber. 

(3) Sweet herbs. Bay leaf is the dried leaf of Laurus nobilis, L. 

Dill seed is the fruit of Anethum graveolens L. 

Fennel is the fruit of Foeniculum foeniculum. 

Marjoram is the leaf, flower, and branch of Majorana hortensis. 

Saffron is the dried stigma of Crocus sativus L. 

Sage is the leaf of Salvia officinalis L. 

Savory, summer savory, is the leaf, blossom, and branch of 
Satureja hortensis L. 

Thyme is the leaf and tip of blooming branches of Thymus 
vulgaris L. 

FLAVORING EXTRACTS 

A large number of flavoring extracts are available in the market, 
the extracts of vanilla and of lemon being most commonly used. 

Vanilla extract is made from the vanilla bean, the fruit of a 
climbing vine. Vanilla planifolia which belongs botanically to the 
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orchids and is indigenous to tropical America. The vanilla beans 
grown in Mexico arc considered the finest. When the pods turn 
brown, they are gathered and allowed to undergo a process of fer¬ 
mentation which develops the characteristic aroma. The beans are 
then dried for market and the commercial extract is made by cutting 
them up and soaking them in alcohol, usually with addition of sugar. 
The odor of vanilla and vanilla extracts is due chiefly to vanillin 

(C 8 h s o 3 ). 

Imitation vanilla extracts may be made from coumarin extracted 
from the tonka bean in combination with sugar and/or dextrose 
and glycerin; they frequently contain synthetic vanillin prepared 
from eugenol, a constituent of oil of cloves. These imitation extracts 
may contain a small amount of true vanilla extract. Vanilla com¬ 
pound extracts consist of vanillin and coumarin in combination with 
enough vanilla extract to furnish at least 50 per cent of the flavoring 
strength. 

Lemon extract is made by soaking lemon peel in strong alcohol 
and owes its flavor chiefly to the volatile oil of the lemon peel, of 
which the chief component is citral (C 10 H 16 0). 

Adulteration of flavoring extracts usually takes the form either 
of substituting artificial or inferior substances or of making the 
extract unjustifiably dilute. The question of the proper concentra¬ 
tion must necessarily be fixed somewhat arbitrarily. 

The definitions and standards current at any given time may be 
obtained from the Food and Drug Administration. 

Almond extract is flie flavoring extract prepared from oil of bitter 
almonds, free from hydrocyanic acid, and contains not less than 1 per cent 
by volume of oil of bitter almonds. 

Oil of bitter almonds, commercial, is the volatile oil obtained from the 
seed of the bitter almond ( Amygdalus communis L.), the apricot ( Prunus 
arrneniaca L.), or the peach ( Amygdalus persica L.). 

Anise extract is the flavoring extract prepared from oil of anise and 
contains not less than 3 per cent by volume of oil of anise. 

Oil of anise is the volatile oil obtained from the anise seed. 

Celery seed extract is the flavoring extract prepared from celery seed or 
the oil of celery seed, or both, and contains not less than 0.3 per cent by 
volume of oil of celery seed. 

Oil of celery seed is the volatile oil obtained from celery seed. 

Cinnamon extract, cassia extract, cassia cinnamon extract is the flavoring 
extract prepared from oil of cinnamon and contains not less than 2 per cent 
by volume of oil of cinnamon. 
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Oil of cinnamon, oil of cassia, oil of cassia cinnamon is the lead-free 
volatile oil obtained from the leaves or bark of Cinnamonum cassia Bl., 
and contains not less than 80 per cent by weight of cinnamic aldehyde. 

Clove extract is the flavoring extract prepared from oil of cloves, and 
contains not less than 2 per cent by volume of oil of cloves. Oil of cloves 
is the lead-free, volatile oil obtained from cloves. 

Ginger extract is the flavoring extract prepared from ginger and con¬ 
tains in each 100 cubic centimeters the alcohol-soluble matters from not 
less than 20 grams of ginger. 

Lemon extract is the flavoring extract prepared from oil of lemon, or 
from lemon peel, or both, and contains not less than 5 per cent by volume 
of oil of lemon. Oil of lemon is the volatile oil expressed without the aid of 
heat from the fresh peel of the lemon (Citrus limonia Osbeck) with or with¬ 
out previous separation of the pulp and peel. 

Terpeneless extract of lemon is the flavoring extract prepared by shak¬ 
ing oil of lemon with dilute alcohol, or by dissolving terpeneless oil of 
lemon in dilute alcohol, and contains not less than 0.2 per cent by weight 
of citral derived from oil of lemon. 

Terpeneless oil of lemon is oil of lemon from which all or nearly all of 
the terpenes have been removed. 

Orange extract is the flavoring extract prepared from oil of orange, or 

from orange peel, or both, and contains not less than 5 per cent by volume 

of oil of orange. Oil of orange is the volatile oil obtained, by expression or 

alcoholic solution, from the fresh peel of the orange (Citrus aurantium L.) 

and has an optical rotation (25° C.) of not less than -f- 95° in a 100-milli¬ 
meter tube. 

Terpeneless extract of orange is the flavoring extract prepared by shak¬ 
ing oil of orange with dilute alcohol, or by dissolving terpeneless oil of 
orange in dilute alcohol, and corresponds in flavoring strength to orange 
extract. 

Terpeneless oil of orange is oil of orange from which all or nearly all 
of the terpenes have been removed. 

Peppermint extract is the flavoring extract prepared from oil of pepper¬ 
mint, or from peppermint, or both, and contains not less than 3 per cent 
by volume of oil of peppermint. 

Peppermint is the leaves and flowering tops of Mentha piperita L. 

Oil of peppermint is the volatile oil obtained from peppermint and 
contains not less than 50 per cent by weight of menthol. 

Savory extract is the flavoring extract prepared from oil of savory, or 
from savory, or both, and contains not less than 0.35 per cent by volume 
of oil of savory. 

Oil of savory is the volatile oil obtained from savory. 
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Spearmint extract is the flavoring extract prepared from oil of spear¬ 
mint, or from spearmint, or both, and contains not less than 3 per cent by 
volume of oil of spearmint. Spearmint is the leaves and flowering tops of 
Mentha spicata L. Oil of spearmint is the volatile oil obtained from spear¬ 
mint. 

Sweet marjoram extract, marjoram extract, is the flavoring extract pre¬ 
pared from the oil of marjoram, or from marjoram, or both, and contains 
not less than 1 per cent by volume of oil of majoram. Oil of marjoram is 
the volatile oil obtained from marjoram. 

Thyme extract is the flavoring extract prepared from oil of thyme, or 
from thyme, or both, and contains not less than 0.2 per cent by volume of 
oil of thyme. Oil of thyme is the volatile oil obtained from thyme. 

Tonka extract is the flavoring extract prepared from tonka bean, with 
or without one or more of the following: Sugar, dextrose, glycerin. It con¬ 
tains not less than 0.1 per cent by weight of coumarin extracted from the 
tonka bean, together with a corresponding proportion of the other soluble 
matters thereof. Tonka bean is the seed of Coumarouna odorata Aublct 
(Dipteryx odorata (Aubl.) Willd.). 

Vanilla extract is the flavoring extract prepared from vanilla bean, with 
or without one or more of the following: Sugar, dextrose, glycerin. It con¬ 
tains in 100 cubic centimeters the soluble matters from not less than 10 
grams of the vanilla bean. Vanilla bean is the dried, cured fruit of Vanilla 
fragrans (Salisb.) Ames ( V. planifolia Andr.). 

Wintergreen extract is the flavoring extract prepared from oil of winter- 
green, and contains not less than 3 per cent by volume of oil of wintergreen. 
Oil of wintergreen is the volatile oil distilled from the leaves of the Gaul- 
theria procumbens L. 

TEA, COFFEE, AND COCOA (OR CHOCOLATE) 

These three materials so largely used in making beverages are 
alike in having a certain stimulating property due to alkaloid and 
so are often discussed together. 

Tea consists of the prepared leaves and leaf buds of the tea bush 
belonging to different species of Thea, chiefly Thea sinensis. An act 
of Congress approved March 2, 1897, as amended, regulates the im¬ 
portation and inspection of tea. 

The difference between green and black teas is due to the mode 
of preparation. Green tea is made by steaming and drying the leaves 
while fresh; black tea is prepared by allowing the leaves to undergo 
an oxidative fermentation which darkens their color and increases 
the solubility of the tannin compounds. Oolong tea is made by stop- 
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ping the feimcntaiive process at an earlier stage than is represented 
by black tea. Of the tea consumed in this country, approximately 65 
per cent is black, 30 per cent green, and 5 per cent oolong. 

The stimulating property of the infusion is attributed to the 
alkaloid first called theinc and later found to be identical with 
raff cine, the characteristic alkaloid of coffee. 

The flavor of tea is influenced by the tannin, and probably by 
the small amount of volatile oil which it contains. 

Coffee was oiiginally grown in Africa and Arabia, and afterward 
introduced into the East and West Indies and tropical America. It 
is estimated that at present Brazil furnishes over half the world's 
supply of coffee and nearly two thirds of that consumed in the 
United States. 

In preparation for market, the green coffee berry undergoes 
complicated processing, in which the most important step is the 
roasting. During roasting a large percentage of water is driven off 
and the volatile oil raffeol is developed. Because coffees grown under 
different climatic conditions vary markedly in cup qualities, nearly 
all of the commercial packs represent a blend of two or more 
varieties. 

The constituents of chief importance in coffee are the alkaloid 
caffeine, which has just been described as occurring in tea, the 
caffetannic acid (C,,H ls 0 8 ), and the volatile oil known as caffeol 
(6 s H io 0 2 ), to which the characteristic flavor and aroma of coffee are 
chiefly attributed. 

De-caffeinated coffees arc prepared by exhausting the unground 
beans with water in a vacuum, treating the resulting infusion with 
a solvent which removes the caffeine, impregnating the beans with 
the de-caffeinated infusion, and a final drying of the product. Com¬ 
mercial coffees of this type have been reported to average less than 
3 per cent of the original caffeine content of the bean. Part of the 
extracted caffeine is utilized by the carbonated beverage industry as 
a constituent of certain types of soft drinks which will be mentioned 
later in this chapter. 

Chocolate is made from the cocoa bean, the seed of Theohroma 
cacao, a tree native to Central America and grown only in tropical 
regions. The seeds are borne in large pulpy fruit, each about 10 
inches long and 4 inches thick and containing 20 to 40 seeds. At the 
proper stage of maturity, the fruit is cut from the tree, split open, 
and the seeds (cocoa beans) removed. These seeds are sometimes 
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dried at once in the sun, but lor the production of a better flavored 
product are commonly first allowed to undergo a fermentation 
process. After drying in the sun, the beans are roasted in revolving 
steel cylinders, after which the hulls are removed by machinery. The 
beans are then crushed and freed from the germs. The roasted and 
coarsely crushed product freed from hulls and germs is known as 
cocoa nibs. The nibs are thoroughly ground in stone mills, the ma¬ 
terial being reduced to a thin paste which on cooling sets to a hard 
cake known as unsweetened or plain chocolate. 

The composition of some chocolate and cocoa products as com¬ 
piled from various sources is given in Table 38. 


TABLE 38. AVERAGE COMPOSITION OF CHOCOLATE AND COCOA 


DESCRIPTION 

WATER 

PROTEIN 

(N x 6.25) 

FAT 

CARBO¬ 
HYDRATES 
(INC I I D- 

inc; 

FIBER) 

ASH 

FUEL 

Per 100 
Grams 

VALUE 

Per 

Pound 


per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

cals. 

cals. 

Chocolate ° 

5.9 

12.9 

•48.7 

30.3 

2.2 

611 

2772 

Chocolate, sweet 
milk 6 


8.0 

35.0 

51.1 


552 

2504 

Cocoa ° 

4.6 

21.6 

28.9 

37.7 

7.2 

497 

2256 


• Atwater and Bryant. 

6 Connecticut Agricultural Experiment Station. 


About one-half of the fat contained in plain chocolate can be 
removed by pressing. The fat thus obtained is a soft solid at ordinary 
temperatures and is known as cocoa butter. 

The following definitions and standards ior cacao products have 
been adopted by the Food and Drug Administration for the guidance 
of its officials in the enforcement of the Food and Drugs Act: 

Cacao beans, cocoa beans, arc the seeds of trees belonging to the genus 
Theobroma, especially those of Theobroma cacao 1-., and closely related 
species. 

Cacao nibs, cocoa nibs, "cracked cocoa,” are roasted or dried cacao beans, 
broken and freed from germ and from shell or husk. 

Chocolate, plain chocolate, bitter chocolate, chocolate liquor, chocolate 
paste, bitter chocolate coaling • is the solid or plastic mass obtained by 

• Definitions and standards for alkalized products will form a separate 

schedule. 
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grinding cacao nibs and contains not less than 50 per cent of cacao fat and, 
on the moisture- and fat-free basis, not more than 8 per cent of total ash, 
not more than 0.4 per cent of ash insoluble in hydrochloric acid, and not 
more than 7 per cent of crude fiber. 

Sweet chocolate, sweet chocolate coating, is chocolate mixed with sugar 
(sucrose), with or without the addition of cacao butter, spices, or other 
flavoring materials, and contains, on the moisture-, sugar-, and fat-free 
basis, no greater percentage of total ash. ash insoluble in hydrochloric acid, 
or crude fiber, respectively, than is found in moisture- and fat-free chocolate. 

Milk chocolate, sweet milk chocolate, is the product obtained by grind¬ 
ing chocolate with sugar, with the solids of whole milk, or the constituents 
of milk solids in proportions normal for whole milk, and with or without 
cacao butter and/or flavoring material. It contains not less than 12 per cent 
of milk solids. 

Cocoa, powdered cocoa, is chocolate deprived of a portion of its fat and 
pulverized, and contains, on the moisture- and fat-free basis, no greater per¬ 
centage of total ash, ash insoluble in hydrochloric acid, or crude fiber, 
respectively, than is found in moisture- and fat-free chocolate. 

“Breakfast cocoa” is cocoa which contains not less than 22 per cent of 
cacao fat. 

Sweet cocoa, sweetened cocoa, is cocoa mixed with sugar (sucrose), and 
contains not more than 65 per cent of sugar in the finished product, and, 
on the moisture-, sugar-, and fat-free basis, no greater percentage of total 
ash, ash insoluble in hydrochloric acid, or crude fiber, respectively, than 
is found in moisture- and fat-free chocolate. 

Sweet milk cocoa is the product obtained by grinding cocoa with sugar, 
with solids of whole milk, or the constituents of milk solids in proportions 
normal for whole milk, and with or without flavoring material. It contains 
not less than 12 per cent of milk solids. 

Dutch-process chocolate, "alkalized chocolate," and Dutch-process cocoa, 
alkalized cocoa," are modifications, respectively, of chocolate and cocoa, in 
that in their manufacture an alkali carbonate or other suitable alkaline sub¬ 
stance has been employed. In the preparation of these products not more 
than 3 parts by weight of potassium carbonate, or the neutralizing equiva¬ 
lent thereof in other alkaline substance, are added to each 100 parts by 
weight of cacao nibs. The finished products conform to the standards for 
chocolate and cocoa, respectively, due allowance being made for the kind 
and amount of alkaline substance added. 

Cocoa in addition to the stimulating property due to the alkaloid 
theobromine (C 7 H 8 N 4 0 2 ), and the flavor which makes it popular 
both as a beverage and in confectionery, has a considerable food 
value. 

The Committee on Foods of the American Medical Association 
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has announced that: “Special recommendations for children are not 
permissible for foods consisting largely of chocolate or cocoa which 
contain considerable quantities of theobromine and caffeine: no 
objection will be taken, however, to such recommendations in the 
case of foods that are merely flavored with chocolate or cocoa, and 
which in quantities likely to be consumed, are free from any prob¬ 
able effects due to theobromine or caffeine, provided the recom¬ 
mendations are permissible for the basic foods themselves.’’ 

Detailed definitions and standards for cacao products were pub¬ 
lished in the Federal Register of December 6, 1941 (9 F.R. 14334- 
337). 


SOFT DRINKS 


Fruit beverages and fruit-flavored beverages have already been 
discussed in Chapter X. The carbonated bevciages, which make up 
about four fifths of soft drink production, include a wide variety of 
ingredients—sugar, carbon dioxide, coloring, and flavoring. File 
composition of those beverages sold under proprietary names is 
limited only by the general legal restrictions against the presence 
of harmful or deleterious substances. 


The interested reader is referred to committee reports and dis¬ 
cussions on soft drinks or carbonated beverages in the Journal of 
the American Medical Association of 1947. And here as elsewhere it 


is to be kept in mind that there may have been developments be¬ 
tween the time of writing and the time of reading of this book. 

It will be remembered that the Food and Drug Administration is 


charged only with the enforcement of the laws and regulations 
against actual adulteration and misbranding. 11 “standards have 
been adopted for a generous variety of soft drinks this must not lie 
construed to mean that they have been given dietary recognition. 
The writer is not aware of any adequate justification for the large 
sums spent for soft drinks in the United States. In view of what we 
now know of the importance of the mineral elements and vitamins 
in nutrition, it seems certain that much of the money spent on soft 
drinks would be better invested in fruit or genuine fruit juices. 

It also seems questionable whether we can rightly regard with 
indifference the cumulative consumption of sugars and alkaloids in 

so many beverages as are now common. 

Charles YV. Eliot * in describing how he kept Ins health and 


C. \V. Eliot. A I.ale Harvest. Atlantic Monthly Press. 1921. 
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working power to an advanced age wrote: “It may have contributed 
to the fortunate result that at no time in my life have I ever made 
habitual use of any nerve stimulant like tea, coffee, tobacco, or 
alcohol, although I have never been a total abstainer from any one 
of these stimulants except tobacco.” 

OTHER BEVERAGES 

Wines have received much attention both from the standpoint of 
their place in the diet and in connection with pure food legislation. 
At the time of writing, however, their status is too uncertain to 
permit of satisfactory discussion. 

Beer, ale, and porter are grouped as “malt liquors,” and "malt 
liquor” has been officially defined as a beverage made by the alcoholic 
fermentation of an infusion of barley malt and hops, with or without 
unmalted grains. 

Brandy is spirit obtained by the distillation of wine. It usually 
contains from 40 to 50 per cent of alcohol. 

Gin is a distilled spirit flavored with volatile oil of juniper and 
sometimes other aromatic substances. It usually contains 30 to 45 
per cent of alcohol. 

Rum is made by distillation of the product obtained by fermen¬ 
tation of cane sugar molasses. It contains about 50 per cent of 
alcohol. 

Cordials (true cordials) are’made by steeping fruits or aromatic 
herbs in brandy or neutral spirit and distilling the product. Absinthe 
is a cordial made by distilling an infusion of wormwood and there¬ 
fore contains oil of wormwood. 

Whisky is distilled spirit made from grain, colored and flavored 
by storage in charred barrels or by addition of caramel and suitable 
flavor. It usually contains from 40 to 50 per cent of alcohol. 

VINEGAR 

The term vinegar, originally implying a product made from 
wine, has now come to be used much more broadly. The kinds of 
vinegar recognized officially in the United States are shown by the 
following definitions and standards for food products of the Food 
and Drug Administration issue June, 1932: 

Vinegar, cider vinegar, apple vinegar is the product made from 
the alcoholic and subsequent acetous fermentations of the expressed 
juice of apples, and contains in 100 cubic centimeters (20° C.) not 
less than 4 grams of acetic acid. 



MAYONNAISE 


Wine vinegar, grape vinegar, is the product made by the alcoholic 
and subsequent acetous fermentations of the juice of grapes, and 
contains in 100 cubic centimeters (20° C.) not less than 1 grams of 
acetic acid. 

Malt vinegar is the product made by the alcoholic and subsequent 
acetous fermentations, without distillation, of an infusion of barley 
malt or cereals whose starch has been converted by malt, and con¬ 
tains in 100 cubic centimeters (20° C.) not less than 1 grams of acetic 
acid. 

Sugar vinegar is the product made by the alcoholic and subse¬ 
quent acetous fermentations of solutions of sugar sirup, molasses, 
or refiner’s sirup, and contains in 100 cubic centimeters (20° C.) 
not less than 4 grams of acetic arid. 

Glucose vinegar is the product made by the alcoholic and subse¬ 
quent acetous fermentations of solutions of glucose, is dextro¬ 
rotatory, and contains in 100 cubic centimeters (20° C.) not less than 
4 grams of acetic acid. 

Spirit vinegar, distilled vinegar, grain vinegar, is the product 
made by the acetous fermentation of dilute distilled alcohol, and 
contains in 100 cubic centimeters (20° C.) not less than 4 grams of 
acetic acid. 

MAYONNAISE 

The increasing popularity of salads and technological develop¬ 
ments in the refining of edible vegetable oils have been important 
factors in the development of the mayonnaise industry from its be¬ 
ginnings in 1906 to a volume of approximately 7,000,000 gallons in 
1928. 

The Food and Drug Administration has defined mayonnaise as 
follows: " Mayonnaise, mayonnaise dressing, mayonnaise salad dress¬ 
ing, is the semi-solid emulsion of edible vegetable oil, egg yolk, or 
whole egg, a vinegar, and/or lemon juice, with one or more of the 
following: Salt, other seasoning commonly used in its preparation, 
sugar and/or dextrose. The finished product contains not less than 
50 per cent of edible vegetable oil.” 

Egg yolks and whole eggs (either fresh or frozen) are used. 1 he 
principal oils now used in mayonnaise manufacture are cottonseed 
and corn oil. The common range in composition * is: 

# U. S. Dept, of Agriculture Yearbook 1931, 371. 
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Oil 

E Sg 

Vinegar 

Sah 

Mustard 


per cent 
60-75 
8-12 

12 

1 

1 


EXTRA FOODS 

Extra foods is the term used by Benedict and Benedict to describe 
weak'The r , dHnkS Which 3re 1,kel >' to be between 

he .T , eSt ' mate ‘ hat h iS not unusual ior tenth of 

he total calories consumed to be taken in the form of extra foods, 
vhtch case it is illogical to treat them as negligible factors in the 
food supply of the individual, (So far as the food supply of a com- 

"hese e V !* TT'm ^ emerin S in ‘° the Production of 

The R 1 ■ * " ° a ' ready haVC been taken into account.) 

The Benedicts papers on extra foods deal with candies, chocolate, 

crackers, soda-fountain products, and such "light lunch” materials 
as olives, sardines, and sandwiches. 

aCC °r ° f ,‘ he great varial),lit y of many of these materials, 
avetage results might easily be misleading and the data of individual 

pioducts are too numerous for reproduction here. Readers interested 

in the energy values of extra foods not included in previous chapters. 

or in the differences between products of different manufacturers, 

are therefore referred to the original papers of Benedict and Benedict 

in the Boston Medical and Surgical Journal of 1918 to 1921. 


YEAST 

Yeast is relatively rich in protein, thiamine, and riboflavin, and 

contains significant amounts of other vitamins of the B group. Yet 

relatively little yeast is used directly as a food in itself; just why is 

not clear. The amount of yeast which enters human consumption 

through bread is too small to have much effect upon the nutritive 

value of the diet, unless a special high-vitamin yeast is used. Use of 

such yeast may take the place of the addition of thiamine itself in 
making enriched bread. 

Diiect feeding of yeast itself was a fairly prominent feature in 

the campaign against pellagra in the United States and probably 

played a pai t of some importance in the marked reduction of the 
disease. 
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Yeast is a similar case to wheat germ in that their high nutritive 
values are indubitable, yet have not inspired nutritionists to give 
them a larger place in food planning. In our present study of foods 
the problem of the place of yeast and of wheat and mai/e germ must 
be left as unfinished business. 
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CHAPTER XV. THE PROBLEM OF THE BEST USE 
OF FOOD: WITH SOME ASPECTS 
OF FOOD ECONOMICS 


The problem of the best use of food is an economic problem in 
the broad sense which takes into consideration both physiological 
and pecuniary economy. Food should be so chosen that the health 
and efficiency of the individual shall be served in the highest degree, 
and at the same time it should be used with such regard to the eco¬ 
nomics of the food supply as a whole that this ideal of optimal nu¬ 
trition shall (as rapidly as possible) be brought within the reach of 
all. The emphasis in the consideration of the relation of food to 
health should be on the problem as to how perfectly the food, even 
if freely chosen, meets all the requirements lor optimal, not merely 
adequate, nutrition of the individual, the group, or the population. 

This higher significance of the relation of food to health becomes 
fully apparent only as feeding experiments upon laboratory animals 
of like heredity are followed throughout the entire lifetime of the 
individuals under observation and even through successive genera¬ 
tions of families kept upon different diets but under identical living 
conditions in all other respects. 

By means of such experiments it is possible to demonstrate and 
measure differences of degree in the positive attributes of health 
such as are included, for example, in the following definition given 
by the Century Dictionary: ‘‘Health—Soundness of body; that con¬ 
dition of a living organism and of its various parts and functions 
which conduces to efficient and prolonged life; a normal bodily con¬ 
dition. Health implies also, physiologically, the ability to produce 
offspring fitted to live long and to perform efficiently the ordinary 
functions of their species.” This is both a positive and a compre¬ 
hensive conception of health, anti it is of much interest to note that 
all its phases have now been covered in studies of the influence of 
foods upon the health of experimental animals. In human experience 
so many factors may enter to influence health in the course of a life- 
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time that it is hard to separate and measure the effects of food alone 
upon the whole duration and efficiency of life. But this can be done 
with laboratory animals of rapid growth and early maturity, such 
as the rat, and in experiments with the rat it has been possible to 
determine, under conditions uniform in all other respects, the influ¬ 
ence of modifications of the diet upon the various factors of health 
comprised in the broad definition above quoted. And among the re¬ 
cent findings of nutrition experiments carried through successive 
generations of such laboratory animals is the fact that starting with 
a dietary already adequate according to current standards we may, 
by improvement of the diet, induce a higher degree of health and 
vigor. In several such investigations the (rat) families under test 
have been kept upon the same diets for several generations. A family 
of experimental rats in the chemical laboratory of Columbia Uni¬ 
versity is still thriving in the 65th generation upon an absolutely 
uniform diet. Yet the diet thus amply proved adequate is not opti¬ 
mal, for it can be nutritionally improved. 

We have cited the evidence of animal feeding experiments be¬ 
cause this is now so completely objective and so comprehensive and 
convincing in that large numbers of families have been studied 
through entire lifetimes and successive generations. Equally compre¬ 
hensive and controlled experiments with human beings have obvi¬ 
ously not been practicable, but we have a great deal of evidence 
from direct human experience, all of which so far as it goes confirms 
the validity of our use of the newer knowledge of nutrition as a 
whole in guiding such adjustment of food habits as will conduce to 
the nutritional improvement of human life. 

While there is much educational work still to be done to make 
this new knowledge fully effective, yet it is also true that many people 
in many parts of the world have sufficiently grasped the significance 
of the new knowledge to want the benefits which are to be had from 
nutritionally guided adjustments of their food habits. For the well- 
to-do this needs only education; but among people of lower income 
there is also an economic problem involved in the management of 
resources and supplies with such regard for social justice as to make 
possible freedom from want of food needed for full health. 

There can and should be progress at the same time through (a) 
education in food values and the relation of nutrition to health, 
and (b) such economic adjustments as help to bring better nutrition 
within the reach of an ever-increasing proportion of people, and 
finally of all. 
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A STUDY OF AMERICAN EXPERIENCE 

As a first step in our present study of this two-fold problem, there 
follows a summary of the findings of objective studies ol freely 
chosen American dietaries, as to how a greater «or less prominence 
of one food (or food-group) in the food budget affects the amounts 
of other foods consumed and the nutritional character of the diet. 
In 224 American dietaries the average distribution of the food-money 
among different food-groups and the contribution ot each of these 
toward the nutritive value of the dietary were as shown in Table 39. 

TABLE 39. AVERAGE PERCENTAGE DISTRIBUTION OF COST AND 
NUTRIENTS IN 224 AMERICAN DIETARIES 


RELATIVE 



PHOS¬ 



TYPE OF FOOD 

COST 

CALORIES 

PROTEIN 

PHORUS 

CALCIUM 

IRON 

Meat and fish 

32.19 

18.99 

35.34 

26.36 

3.86 

30.37 

Eggs 

5.47 

1.77 

4.64 

4.02 

3.64 

6.25 

Milk and cheese 

10.59 

8.08 

11.56 

20.61 

55.76 

5.11 

Butter and other fats 

9.55 

10.32 

0.31 

0.32 

0.73 

0.33 

Grain products 

18.29 

38.20 

37.25 

30.27 

15.67 

25.87 

Sugar and molasses 

4.57 

10.06 

0.14 

0.20 

1.81 

1.80 

Vegetables 

10.55 

9.05 

9.55 

15.58 

14.87 

26.42 

Fruit 

5.31 

2.99 

0.78 

1.82 

3.15 

3.2E 

Nuts 

0.15 

0.14 

0.11 

0.13 

0.07 

0.09 

Food adjuncts and 
miscellaneous 

3.33 

0.10 

0.32 

0.69 

0.44 

0.47 

Per man per day 

100° 

3256 

106 gms. 

1.63 gms. 

0.7-1 gin. 

0.0179 gin 


“The average cost per man per day of the entire 224 dietaries taken as a basis 
(expressed as 100) on which to express the relative costs of the various groupings 
made to study the influence of particular foods upon the nutritive value of the 
dietary as a whole as shown in subsequent tables. 

That these 224 records of food consumed by families are representa¬ 
tive of the American food budgets in the peace-time years of the 
recent past is shown by the close agreement in the percentage dis¬ 
tribution of money spent for food in the average of these studies 
with the statistics of the food industries and of the Bureau of Labor 
Statistics. The 224 families whose dietary records are here studied 
are also representative of the American people as a whole in the 
sense that they represent all parts of the country, both urban and 
rural conditions, different years and seasons of the year, and a fairly 
wide and representative range of economic conditions and levels of 
expenditure. There is ample reason therefore to believe that the 
data of these 224 records may be taken as representing average 
American food conditions, and that whatever differences they show 
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when subdivided according to the prominence of particular foods 
are the differences which may be expected normally to result from 
such differences in food selection. 

In order to find what differences of this kind commonly exist in 
American food budgets and how they affect the food economy, cer¬ 
tain conventional limits were employed to divide the 224 dietaries 
into three groups with reference to each type of food according as 
the place of this type of food was “low,” “medium, or high in 
the dietary compared with the average American practice of normal 
times. These limits are shown in Table 40. 

TABLE 40. CONVENTIONAL LIMITS SET TO SEPARATE “LOW,” 
"MEDIUM,” AND “HIGH” PERCENTAGE OF EXPENDITURE 
FOR THE DIFFERENT TYPES OF FOOD 



“low" 

"medium” 

“high” 

Meat and fish 

Up to 24.99% 

25.00 to 39.99% 

40.00% and over 

Eggs 

Up to 

3.99% 

4.00 to 7.99% 

8.00% and over 

Milk and cheese 

Up to 

6.99% 

7.00 to 13.99% 

14.00% and over 

Fats 

Up to 

6.99% 

7.00 to 13.99% 

14.00% and over 

Grain products 

Up to 

13.99% 

14.00 to 19.99% 

20.00% and over 

Sugars 

Up to 

3.99% 

4.00 to 7.99% 

8.00% and over 

Vegetables 

Up to 

6.99% 

7.00 to 13.99% 

14.00% and over 

Fruit 

Up to 

3.99% 

4.00 to 7.99% 

8.00% and over 

Vegetables and fruit 

Up to 

9.99% 

10.00 to 19.99% 

20.00% and over 

Milk, and cheese. 





vegetables and fruit 

Up to 

19.99% 

20.00 to 33.32% 

33.33% and over 

By the use of this 

means 

of classification, the effect 

exerted by any 

A % 


one food or type of food in actual American experience can be 
studied by comparing the effect of the prominence of this food upon 
the prominence of other foods and upon the relative cost and nutri¬ 
tive value of the diet as a whole. 

We now consider the effects of the degree of prominence of cer¬ 
tain types of food. (A fuller account may be found, if desired, in the 
3rd edition of this book.) 

Grain products. It has already been seen from Table 6 in Chapter 
III that the grain products furnish a much larger share of most nu¬ 
trients than would correspond with their cost. The natural infer¬ 
ence is that to increase the prominence of grain products in the diet 
should make it more economical so far as calories, piotein, phos¬ 
phorus, and iron are concerned. But one of the great advantages of 
the method of study which we are here using is that it frees us from 
the necessity of depending upon inference, since we are here dealing 
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with concrete numerical records of what actually happened in the 
unbiased experience of over 200 representative American families. 
When these dietaries are arranged into three groups accoiding to 
the relative prominence of grain products in the food budget and 
the data of each group averaged, the results show that the promi¬ 
nence of grain products in the food budget was inversely as the level 
of expenditure. The more economically the people are obliged to 
live, the more largely they live upon brcadstuHs and other grain 
products since this type of food furnishes in general the most energy 
and protein for the least money. Prominence of grain products there¬ 
fore has tended to coincide with poverty, and correspondingly we 
find a decrease in the cost of the dietary as a whole and in nearly 
every factor of its food value. Now that our bread supply has been 
nutritionally improved, and with the guidance of present-day knowl¬ 
edge of nutrition, we can make full use of bread and yet keep the 
dietary well balanced by wise emphases in the use of other types of 
food. 

Milk, cream, and cheese. For convenience the relatively small 
amounts of cream and of cheese used in these dietaries are grouped 
with milk in this discussion since they closely resemble milk in rich¬ 
ness in calcium and riboflavin. 

Table 41 shows the relation of the prominence of milk in the 
food budget to the resulting nutritive value of the diet as a whole. 
It will be seen that an increase in the prominence of milk in the 
food budget from an average of 10.30 per cent of the total expendi¬ 
ture for food in the “medium,” to 19.38 per cent in the so-called 
“high milk” dietaries, resulted in an increase in all the factors of 
food value with no increase in the total cost. Moreover the improve¬ 
ment was relatively greatest at the point at which it was most needed, 
that is, in the calcium content of the dietary, and there was doubtless 
a very important increase also in vitamin A and riboflavin \rdues. 

It is important to realize to what a large extent the amount of 
calcium and of riboflavin received in the diet depends in actual 
practice upon the amount of milk consumed. Milk is a much laigcr 
factor in the calcium supply than is any other food; usually the 
calcium depends more largely upon the milk than upon all other 
foods combined, as is shown graphically in Fig. 20. 

Meat, poultry, and fish. Table 42 shows the relation which promi¬ 
nence of meat in the food budget bears to the expenditui es foi other 
foods and to the food value of the diet as a whole. Very fortunately 
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Relation of milk to calcium content of dietary 
224 cases averaged in 8 groups cf 28 each 


Mi/k per man per day 

O 200 400 600 800 gm . 


Calcium per man per day 

0 0.2 0.4 0.6 0.8 1.0 1 . 2 am . 


Fig. 20. Relation of milk to the calcium content of the dietary. 

TABLE 41. RELATION OF THE PROMINENCE OF MILK IN THE 
DIETARY TO THE DISTRIBUTION OF COST AND TO FOOD VALUE 

A. Expenditure for Each Type of Food in Percentage of the Whole 

PERCENTAGE OF TOTAL EXPENDITURE IN 



‘•Low-milk” 

“Medium-milk- 

"High-milk’ 

TYPE OF FOOD 

dietaries 

dietaries 

dietaries 

Milk and cheese 

4.7 

10.7 

20.0 

Meats and fish 

35.1 

34.5 

28.4 

Eggs 

5.6 

5.8 

5.5 

Butter and other fats 

10.4 

9.5 

10.1 

Grain products 

22.4 

17.8 

16.9 

Sugars 

4.8 

4.7 

4.5 

Vegetables 

12.0 

10.7 

10.2 

Fruit 

5.0 

6.3 

45 


B. Comparison of Total Costs and of Food Values 


Relative cost 84. 

Calories, per man per day 3271. 

Protein, grams per man per day 103. 
Phosphorus, grams per man per day 1.49 
Calcium, grams per man per day 0.51 
Iron, grams per man per day 0.0178 


108. 

3130. 

106. 

156 

0.74 

0.0176 


100. 

3516. 

112 . 

1.96 

1.06 

0.0186 
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for the purpose of this study, the average expenditure for total lood 
per man per day was practically the same for the “low-meat,” 
“medium-meat,” and "high-meat” dietaries. Any differences which 
they show are therefore independent of any greater pressure of 
poverty in one group than in another. 

TABLE 42. RELATION OF THE PROMINENCE OF MEAT IN THE 
DIETARY TO THE DISTRIBUTION OF COST AND lO FOOD VALUE 

A. Expenditure for Each Type of Food in Percentage ol the Whole 

PERCENTAGE OF IOIAL EXPENDITURE IN 



“Low-meat" 

Medium-meat'' 

"High-mcat 

TYPE OF FOOD 


dietaries 

dietaries 

dietaries 

Meats and fish 


18.4 

34.3 

46.2 



5.9 

5.9 

4.6 

Milk and cheese 


11.7 

11.6 

8.5 

Butter and other fats 


13.6 

9.5 

7.2 

Grain products 


21.6 

18.5 

17.5 

Sugar 


5.6 

4.7 

3.9 

Vegetables 


14.0 

10.6 

8.8 

Fruit 


9.3 

4.9 

3.3 

B. Comparison of Total Costs and 

of Food Values 

• 

Relative cost 


100. 

100. 

96. 

Calories, per man per 

day 

3821. 

3202. 

2822. 

Protein, grams per man per day 

103. 

108. 

107. 

Phosphorus, grams per man per day 

1.75 

1.63 

1.48 

Calcium, grams per man per day 

0.89 

0.76 

0.55 

Iron, grams per man per day 

0.0182 

0.0181 

0.0170 


Naturally, with the level of total expenditure uniform, a higher 
expenditure for meats must mean a lower expenditure for some at 
least of the other foods. The effect of increasing prominence of meat 
in the food budget upon the relative prominence of other foods is 
summarized in the data of the upper section of Table 42. It will be 
seen that with increasing expenditure for meats there were small 
decreases in the expenditure for eggs, milk, grain products, sugar, 
and vegetables, while the expenditures for fruit and for butter and 
other fats were reduced in relatively greater proportion. The moder¬ 
ate diminution of milk, eggs, and vegetables and marked diminution 
of butter and fruit which accompanies increasing prominence of 
meat in the food budget must mean that usually the more prominent 
meat is in the diet, the poorer the diet will be in vitamins A and C. 
It is likewise plain from the data in the lower section of the table 
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that the greater the prominence of meat in dietaries of a given cost, 
the lower is their food value in terms of the longer-known factors. 
Thus the “high-meat” as compared with the “low-meat” dietaries 
show marked decrease in calorics and calcium, considerable decrease 
in phosphorus, and no significant change in either protein or iron. 
That meat, often advocated as a food on the grounds of its relatively 
high protein and iron content, does not make the dietary richer in 
protein and iron as the meat becomes more prominent in the food 
budget is because meat is a food which in the nature of the case 
must be relatively costly to produce in all countries which have 
passed the pioneer stage of agriculture, so that while the concentra¬ 
tion of protein and iron in meat (or at least in lean meat) is relatively 
high, the amounts of protein and iron obtained for a given amount 
of money are no higher in meat than in the average of other food, 
while the amounts of other nutrients are usually much lower. 

These dietary data, like those of many other food and nutrition 
studies of recent years, suggest the desirability of a shifting of em¬ 
phasis from meat to milk in the food budget. This suggestion carries 
no implication whatever of ‘‘meat-less diet.” All that is here sug¬ 
gested is. a sane recognition of the well-known fact that meat is an 
expensive food, and that when people of average income spend a 
large fraction of their food money for meat, there arises a serious 
question whether the food budget will then provide for sufficient 
amounts of milk, vegetables, and fruit to support the best condition 
of nutrition and the highest degree of health. 

Eggs. It was found that the percentage of the food money spent 
for egge, varied widely and that the money taken for increased pur¬ 
chase of eggs in the high-egg dietaries came not from any other one 
type of food but from a slight general decrease in all or nearly all of 
them. In other words, the use of more or fewer eggs did not particu¬ 
larly change the relationships among the other foods used. High as is 
the nutritive value of eggs, it would seem that their actual use in 
current household practice is rather casual, eggs being used more 
or less freely according to their price without much real attention to 
using them interchangeably with other high protein foods. Under 
these conditions the relative prominence of eggs in the diet bore 
little relation to the tabulated factors of food value. 

Butter and other fats. In this study of American dietaries it was 
found that as the expenditure for butter and other fats rises the ex¬ 
penditure for meats falls, and vice versa. The inverse relationship 
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between the prominence in the food budget of meats on the one 
hand and of fats and fruits on the other, together with the absence 
of a correspondingly well-marked inveise relation between meats and 
either milk or eggs, illustrated the fact that in actual practice what 
leads people to high expenditure for meat is not so much a desire 
for its protein as for its fat and flavor. 

Sugar, molasses, and sirups. The grouping together of sugar and 
molasses is usual and natural because of their industrial and com¬ 
mercial relationship and the richness of both in sugar. This usual 
grouping was followed in the dietary calculations which we are here 
discussing. We now realize, however, that such a group is somewhat 
heterogeneous for the purpose of the present discussion because 
modern commercial sugar is a highly (artificially) refined lorm of 
carbohydrate, whereas true molasses contains in concentrated form 
those natural constituents of the cane juice from which sugar has 
been so carefully freed. Sirups vary in composition between mere 
sugar solutions and true molasses. 

Vegetables. Increasing prominence of vegetables was accom¬ 
panied by increasing prominence of fats and decreasing prominence 
of meats. The result was a decrease in the total cost of the dietary, an 
increase in its total calories, calcium, and iron, and no significant 
change in the protein and phosphorus content. I he vitamin values 
of the dietaries doubtless increased with the increased use of vege¬ 
tables. The effects of milk, vegetables, and fruits combined, are per¬ 
haps more significant than the effects of the vegetables or fruit alone. 

Fruits. The prominence of fruit in the food budget varies greatly. 
Low-fruit dietaries were found to be essentially dietaries of low cost, 
and to differ but little in other respects from medium-fruit dietaries, 
the eggs being less prominent and the grain products more promi¬ 
nent in the low-cost dietaries here as elsewhere. T he high-fruit 


dietaries are more costly than the medium-fruit dietaries, but the 
difference here is not nearly so great, the cases of very low cost being 


evidently almost entirely confined to the low-fruit group. 

The increased prominence of fruit from “medium’ to ‘ high is 
accompanied by a decreased prominence of meat. I he converse was 
noted in the discussion of meat earlier in this chapter. 


Milk, vegetables, and fruit. The relation of the prominence in 
the food budget of milk, vegetables, and fruit taken toge.her, upon 
the other expenditures for food and upon the food value of the re¬ 
sulting diet, is shown in Table 43. With increasing prominence of 
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milk, vegetables, and fruit there was decreasing prominence of meats 
and grain products, the expenditures for eggs, fats, and sugar re¬ 
maining essentially unchanged. The dietaries low in milk, vegetables, 
and fruit include most, if not all, of the poverty dietaries, since the 
American poor tend, as a rule, to underestimate the value of milk, 
vegetables, and fruit and to overestimate the value of meat (largely 
no doubt because their more prosperous and more highly educated 
neighbors so often make the same mistake). 

TABLE 43. RELATION OF THE PROMINENCE OF MILK, VEGETABLES. 
AND FRUIT IN THE DIETARY TO THE DISTRIBUTION OF COST 
AND TO FOOD VALUE 

A. Expenditure for Each Type of Food in Percentage of the Whole 

I’F.RCI'NTAOE OF TOTAL F.XI’FNDITURE IN 



Milk, vege¬ 

Milk, vege¬ 

Milk, vege¬ 


tables, and 

tables, and 

tables, and 

TYPE OF FOOD 

fruit • low" 

fruit “medium” 

fruit "high" 

Milk, vegetables, and fruit 

15.9 

27.3 

40.7 

Meats and fish 

39.6 

34.4 

23.5 

Eggs 

5.4 

6.2 

4.5 

Butter and other fats 

9.9 

9.6 

10.6 

Grain products 

21.5 

17.9 

15.9 

Sugar 

4.7 

4.7 

4.8 

B. Comparison of Total Cost 

and of Food Value 


Relative cost 

80. 

101. 

100. 

Calories, per man per day 

2985. 

3185. 

3765. 

Protein, grams per man per day 

101. 

107. 

110. 

Phosphorus, grams per man per day 1 .-10 

1.61 

1.92 

Calcium, grams per man per day 

0.46 

0.75 

1.03 

Iron, grains per man per day 

0.0157 

0.0183 

0.0191 


The dietaries low in milk, vegetables, and fruit were low in 
energy value, phosphorus, calcium, and iron, and we may be sure 
that they were low in vitamin values also. Compared with the 
“medium” dietaries those higher in milk, vegetables, and fruit were 
lower in cost, higher in calorics, protein, phosphorus, calcium, and 
iron and unquestionably in vitamins also. 

Thus the greater prominence of milk, vegetables, and fruit com¬ 
bined (over that of the average or “medium”) had the effect of im¬ 
proving these dietaries materially in every factor of food value of 
which we know how to take account; and without increase in cost. 
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NUTRITIONALLY GUIDED FOOD BU.DGETS AND HABITS 

It does not lie within the scope of this work to offer suggestions 
regarding the planning of nuti itionally well-balanced meals from 
day to day. This has been done most admirably and interestingly by 
the late Professor Mary S. Rose in her book entitled Feeding the 
Family. 

Those who do*not thus plan the daily meals with conscious refer¬ 
ence to the food value of each may yet make use of the newer knowl¬ 
edge of nutrition and food values and be reasonably assured of a 
well-balanced diet by assigning to each important article or type of 
food its proper place in the food budget and “checking up” the 
budget monthly in connection with the paying of the bills. From 
the data examined in the preceding section it is plain that our pres¬ 
ent knowledge very clearly indicates that the average or typical 
American food budget can easily be improved by giving greater 
relative prominence to milk, vegetables, and fruit. 

In one household thus modernized it was found that one fourth 
or more of the money spent for food was spent for milk, about one 
fifth for vegetables and fruit, and less than one sixth for meats, poul¬ 
try, and fish. In an equally “nutrition-conscious” household consist¬ 
ing entirely of adults, the expenditure for fruits and vegetables ex¬ 
ceeds that for milk and cream, while that for meats, fish, and poultry 
again falls into third place. Each of these families gives full recogni¬ 
tion to the tastes as well as the needs of its individual members; 
neither of them foregoes any staple article or type of food; both of 
them reflect in their food budgets the guidance of the newer knowl¬ 
edge of nutrition. 

That consumers may have the benefit of present-day nutritional 
knowledge in their choice and use of food does not require the 
adoption of rigid or detailed food budgets. Where economic pressure 
is not too severe, there is ample opportunity for the exercise of indi¬ 
vidual preferences while at the same time making use of the modern 
principles of nutrition in the budgeting of the money which is to be 
spent for food. This fact should be kept in mind in connection with 
the suggestions (sometimes called rules) which follow. 

Based largely upon the experience of Miss Lucy' Gillett in her 
work with the family nutrition problems for the New York Associa¬ 
tion for Improving the Condition of the Poor (now the Community 
Service Society) the government issued as a part of its educational 
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program, a simple suggested family food budget essentially as 
follows: 

Divide your money into fifths: 

One-fifth, more or less, for vegetables and fruit; 

One-fifth, or more, for milk and cheese; 

One-fifth, or less, for meats, fish, and eggs; 

One-fifth, more or less, for bread and cereals; 

One-fifth, or less, for fats, sugar, and other groceries 

and food adjuncts. 

This is only a rudimentary starting point. Note after each fifth 
the “more” or “less” The recommendation that a fifth of the total 
food-money be spent for bread and cereals aims at making a dietary 
more economical than the American average. We have already seen 
that the proportion spent for bread and cereals may well vary with 
the need for strict economy. It must usually be high in an extremely 
low-cost dietary and may be considerably lower where the level of 
expenditure is more liberal. Where fruit and vegetable prices are 
low, more than one fifth of the total food money may well be spent 
for milk. No one fixed percentage for any item, therefore, would seem 
best for all cases. The same seems true of butter and eggs which 
naturally will occupy a larger place in dietaries on a comfortable 
plane of expenditure than in those which must be held to the mini¬ 
mum cost which is consistent with adequate nutrition. 

Whatever the level of expenditure, however, it seems wise that: 

(1) At least as much should be spent for milk (including cream 
and cheese if used) as for meats, poultry, and fish, and 

(2) At least as much should be spent for fruits and vegetables as 
for meats, poultry, and fish. 

These simple “rules," suggested several years ago, have been 
found useful as a guide in both low-cost and liberal-cost food budgets 
and can obviously be used in all cases in which even the simplest of 
records of expenditure are kept. They tend to make milk, vegetables, 
and fruits more prominent and meat somewhat less prominent than 
in the average American dietary for reasons discussed in this and in 
previous chapters. 

Lusk formulated the recommendation, which has been widely 
quoted, that “the housewife having a family of five to feed should 
buy three quarts of milk a day before she buys a pound of meat.’ ? 

Combining the principle of providing first for an adequate milk 
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supply with that of a simple budgetary division of the money avail¬ 
able for food, it has been widely recommended that the person re¬ 
sponsible for the selection of food proceed somewhat as follows: 

First set aside the money for a constant milk supply sufficient to 
provide a quart of milk a day for every child and at least a pint for 
every adult; then divide the rest of the food-money into three ap¬ 
proximately equal parts: one for fruits and vegetables; one for bread- 
stuffs, cereals, butter, and other fats; and one for meats, eggs, sweets, 
and miscellaneous. 

The United States Department of Agriculture's “Family Food 
Plan at Low Cost” embodies suggestions for weekly quantities of 
each of eleven types of food for each of seventeen types of consumer 
(according to age, sex, and activity) which very nearly illustrate the 
principles summarized in the preceding paragraph. 

Even wider governmental publicity has been given to the nutri¬ 
tionally guided but entirely non-technical teaching of The Basic 
Seven food groups, each to be represented in the food of each day. 

A further step in utilizing the concept of the food group, and a 
sequence of discussion which is very helpful in bringing to light and 
clarifying several significances, may be effected by the arrangement 
shown in the following paragraphs. 

FOODS IN TEN GROUPS AND THE SIGNIFICANCE OF TRENDS AND 
POSSIBLE FURTHER ADJUSTMENTS IN FOOD CONSUMPTION 

A grouping of foods which proves very practical because it takes 
due account of agricultural, economic, nutritional, and meal-plan¬ 
ning relationships, is a division into the following ten food-groups: 

(1) grain products including cereals, breadstuffs, and bakery goods; 

(2) mature legumes and nuts; (3) potatoes and sweetpotatoes; (4) 
green and yellow vegetables; (5) citrus fruits and tomatoes; (6) other 
fruits and vegetables; (7) milk and its products other than butter; 
(8) meats, fish, poultry, and eggs; (9) fats, all "visible” including the 

very fat meats; (10) sugar and other sweets. 

There follows a brief summary of the characteristics and poten¬ 
tialities of each of these food-groups from the viewpoint of nutrition 
and food economics—or, as it has also been called, the unified science 

of nutrition and food management. 

Grain products declined in (U. S.) per capita consumption from 
about 300 pounds a year in 1909-14 to about 200 pounds a year in 
1935-45. Among several causes for this, the one of most significance 
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was the growth of knowledge, during the first forty years of the 
twentieth century, that the type of bread then prevailing in the 
United States was a nutritionally impoverished food product. Since 
about 1940, however, the nutritional improvement of bread has 
been seriously attempted along three lines: (1) the addition of iron, 
thiamine, riboflavin, and niacin—“enrichment” in the legalistic 
sense of the term; (2) increasing the proportions of milk solids in 
bread; and (3) use of flour containing more nearly the whole of the 
wheat kernel or return of the germ (embryo) in breadmaking. Con¬ 
sumers should demand bread which has been improved not only in 
one but in two or all of these ways, and correspondingly, they are 
nutritionally justified in giving grain products a larger place in 
their dietaries. In the United States the grain crop is so large—and 
so easily expandable to meet any increase of demand—that any con¬ 
sumer can eat as much of grain products as he will without any fear 
that he is competing with the poor for what they need for bread. 

As a nation we produce far more grain than we have market for 
as human food. 

If anything is to be considered as a competition rendering it more 
difficult for the poor to purchase their daily bread, it is the feeding of 
great quantities of grain in the excessive fattening of beeves and 
swine. 

Probably in most countries, and certainly in the United States, 
social justice in food supply and distribution will best be promoted 
by the well-to-do through restraint in their consumer demand for 
grain-fed meats and meat-fats, rather than to limit their use of such 
“primary” foods as cereals, vegetables, and fruits. 

With this general principle in mind, and with due diligence in 
demanding and promoting bread which is nutritionally improved 
in as many ways as possible, grain products now might well return 
to the position of supplying 35 per cent of the total food calories as 
they did in 1917-18, or perhaps 40 per cent as they did at a somewhat 
earlier date. Doubtless also there would be both physiological and 
psychological benefit if all of us ate bread about equally, shaking 
off entirely the social prejudice against prominence of bread in the 
diet of the well-to-do. 

Mature legumes and nuts constitute a logical group, though there 
is here an overlapping of terminology inasmuch as peanuts are bo- 
tanically legumes and commercially nuts—though some nut-fanciers 
consider that only tree nuts are true nuts. In view of their high nu- 
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tritive value, their relative ease of cultivation, their interesting va¬ 
riety of flavors, the convenience of their utilization in the diet, and 
the well-known fact that they have successfully played such impor¬ 
tant parts in the nutrition of other peoples, it is strange that the 
foods of this group have remained so long in so minor a position in 
the food supply of the United States. According to the statistics of 
Clark, Friend, and Burk (19-16) there has been a slow upward trend 
from an average annual per capita consumption of 11-12 pounds in 
1909-14 to 18-19 pounds in 1935-39, and an estimated 20 pounds in 
1945. 

Present-day nutritional knowledge strongly suggests more use of 
these foods by the American people. While affording interesting 
variety among themselves they are as a group fully equal in energy 
values, and about twice as rich in protein, as are the grain products; 
and their proteins—especially in the best-studied cases of soybean 
and peanut flours—are both of high nutritional value in themselves 
and very effective in supplementing the proteins of cereals and 
breadstuffs. 


Peas, beans (including soybean flour), and peanuts (including 
peanut butler) are outstandingly economical foods in view of their 
nutritive values, while the tree nuts while not quite so cheap arc of 
such high nutritive value as to make them economical as well as 
attractive and convenient foods. While they arc, by many people, 
treated only as “extra” foods, they are fully comparable weight-for- 
weight with meats and eggs. Nuts at lunch-time or supper and some 
form of legume at dinner may well be used as full-fledged alternatives 
for meats and eggs on more than one day in seven. 

Teachers of food and nutrition may render a much needed service 


to food economics (food “management,” "policy,” or “planning”) by 


careful and confident teaching of the fact that recent research shows 


the traditional prejudice in favor of “animal” protein to be largely 
illusory; and that the replacement of this illusion by the experi¬ 
mental evidence of the high nutritive values of several proteins of 
vegetable foods will greatly help toward the eradication of malnutri¬ 
tion through better use of food supplies and food-production re¬ 


sources. 


Potatoes and sweet potatoes have, like grain products, lost some¬ 
thing of their former prominence in the American dietary, and ate 
now (1947) to be considered as strong candidates for reinstatement. 
Between 1909 and 1941, according to the U. S. Department of Agri- 
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culture, our per capita consumption of potatoes decreased about one 
third; and that of sweetpotatoes, about one fourth. These downward 
trends are too large, too consistent, and cover too long a period of 
years to be ignored; but, whatever the causes, they may well be con¬ 
sidered as offset by the fact that the most recent and thorough studies 
show potatoes and sweetpotatoes to be more important potential 
sources of vitamins than hitherto supposed. The vitamin values as¬ 
signed potatoes and sweetpotatoes in Table 6 (Chapter III) are prob¬ 
ably somewhat too low. Even so, however, the data of this table 
show that as compared with its cost, the potato-sweetpotato food 
group brings a highly profitable nutritional return: at only 3 per 
cent of the cost, it furnished 5 per cent of the food energy, 3 per cent 
of the protein, 2 per cent of the calcium, 7 per cent of the iron, 6 per 
cent of the vitamin A value, 8 per cent of the thiamine, 4 per cent of 
the riboflavin, and 13 per cent of the vitamin C. 

Thus the potato-sweetpotato food-group turns out to be so ex¬ 
cellent and economical an all-round source of nutrients as fully to 
justify reinstatement at its former level of per capita consumption. 
Anyone who is afraid of the increase of calories this might involve 
may well consider a balancing reduction of the number of calories 
he takes in the form of foods of less value as sources of vitamins. 

Green and yellow vegetables have risen in per capita consump¬ 
tion in the United States, about 20 per cent between the two world 
wars, and then another 21 to 34 per cent under wartime conditions 
whose effects in this regard may or may not have maintained their 
1944-45 level up to the time that this is read. Among the accentuat¬ 
ing conditions of the war years were: (a) the shift to these perishable 
fresh foods in wartime consumption in order to spare less perishable 
(including canned) foods for shipment overseas, and (b) the intensive 
wartime educational effort in behalf of home gardens largely devoted 
to gicen and yellow vegetables. Both these influences tended to be 
cumulative through the war years. 

Simultaneously there was, independently of war conditions, prog¬ 
ress of knowledge gained through research which throws added em¬ 
phasis upon the health importance of dietaries of high vitamin A 
value (Chapters I and IX). 

In a release of June, 1946, the U. S. Department of Agriculture 
estimated the per capita consumption of green and yellow vegetables 
in 1945 to have been 134 pounds, which is 34 per cent above the 
1935-39 average. It is reasonable to hope that educational work will 
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carry forward this undoubted improvement in oui national food 
habits. Survey studies of food habits indicate that appreciation of 
green vegetables docs not rise uniformly throughout a population 
but is rather a sort of awakening which happens earlier in some 
families than in others. We should therefore interpret the per capita 
increase during 1944 and 1945 not as an indication of near-saturation 
but rather as the effect of the "turning of a new leaf” or the taking of 
a distinct step in advance by a gratifying proportion of American 
families, but with still room for further improvement by the taking 
of the same step by other families who have not yet done so. In¬ 
creased consumption of green and yellow vegetables by a typical 
American family is probably not so much the gratification of a spon¬ 
taneous appetite as it is an acquired taste, or the result of the attain¬ 
ment of a scientific conviction. The newest knowledge of nutrition 
affords ample foundation for the support of further growth of the 
conviction that we may well draw more of our nutrition from this 
food group than hitherto. 

Citrus fruits and tomatoes may usually be expected to bring more 
pleasure to the palate than do most of the foods of the four groups 
above discussed. Hence the increased per capita consumption of 
these has gone forward in an especially spontaneous fashion once it 
was made clear to consumers that these fruits are not to be regarded 
as luxuries but rather as good investments because they are so rich 
in vitamin C, and it is so important to health and efficiency. Per 
capita consumption of foods of this group has increased rather 
steadily in the United States from 44 pounds in 1909 to 119 pounds 
in 1945, with the trend as markedly upward in the latter half as in 
the first half of this time. While there may be some recession from 
the wartime growing of tomatoes in home gardens, this will probably 
be more than balanced by the large citrus orchards which are only 
now coming into full bearing. It is also a reasonable hope that in 
future a little of the land previously devoted to cotton may be used 
for the growing of tomatoes for local consumption in the South. 

While the citrus fruits owe their nutritive value predominantly 
to their vitamin C content, tomatoes with a slightly lower content of 
vitamin C have also a good vitamin A value. As tomatoes thrive on 
varied soils and through a wide range of climate, families who desire 
to do so can usually arrange to increase their tomato (and thus their 
vitamin A and C) supply by home gardening instead of by increased 
purchase. 
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Other fruits and vegetables while not so outstanding as sources 
of any one nutrient, yet in the aggregate make important contribu¬ 
tions to the mineral elements and vitamin values of the dietary, as 
well as to its agreeable and appetizing variety and palatability. And 
in a large proportion of cases, their plantings can be so fitted-in (be¬ 
tween seasons or in orchards) as not materially to compete for space 
with the fruits and vegetables of the groups previously mentioned. 
According to the U. S. Department of Agriculture, our per capita 
consumption of these “other” fruits and vegetables as a whole has not 
been decreased by our largely increased consumption of citrus fruits, 
tomatoes, and green and yellow vegetables; but has grown about 10 
per cent since 1909 and still shows an upward trend. 

Our total fruit and vegetable consumption is therefore growing, 
and we may reasonably expect that it will continue to grow. In this 
way the fruits and vegetables of the diet should and readily can be 
made to supplement the American diet at every point at which there 
is nutritional need of enrichment or supplementation. 

With sufficient attention to the fruit, nut, and vegetable supplies, 
these with the cereals and brcaclstuffs can constitute a fairly well- 
balanced diet derived entirely from primary foods or “direct food 
crops” and thus representing high efficiency in the use of food-pro¬ 
duction resources for the advancement of human nutrition and well¬ 
being. 

But to get fully satisfactory proportions of calcium and of ribo¬ 
flavin in such a dietary of primary foods might require the consump¬ 
tion of larger amounts of leaf foods than most of us of the western 
world can comfortably eat and digest. And westerners also are apt 
to want some animal protein if they have access to soybean and pea¬ 
nut proteins which meet the same nutritional needs that the animal 
proteins do. Cattle can eat relatively large amounts and coarse kinds 
of leaf foods and can transform their proteins, calcium, and ribo¬ 
flavin into meat and milk which are highly digestible human foods. 
The transformation of cattle-feeds into human food is in the nature 
of things much more efficient with the dairy cow, yielding milk sev¬ 
eral thousands of times in the course of her career, than with a meat- 
animal which contributes to the human food supply only the once 
at the end of its life. 

Milk (with its products other than butter) is the outstanding 
dietary source of the two nutrients—calcium and riboflavin—in 
which the American food supply probably most often needs enrich- 
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ment; and it is also the most economical source of first-class animal 
protein. The obvious fact that milk is the one thing we eat whose 
sole function in nature is to serve as food has led to many researches 
upon its nutritive value and place in the diet. There have been many 
such nutritional studies made directly with human subjects. Also, 
these have been supplemented anti far-rcachingly extended by experi¬ 
ments made with animals whose nutritional chemistry is similar in 
most respects to the human, yet whose natural life cycles arc so much 
shorter that controlled experimentation, including whole families, 
has been continued with strict laboratory accuracy and control 
throughout entire lifetimes and successive generations, 'l hus we can 
now speak more comprehensively of the nutritive impottance of 
milk than of any other important and complex food. With the steady 
growth of our scientific knowledge, our per capita consumption of 
milk in the United States has increased; and present knowledge 
makes probable that our milk consumption will continue to increase. 
The statistics of the Department of Agriculture show a per capita 
consumption of dairy products other than butter, equivalent to 169 
quarts of milk in 1909 and 257 quarts in 1945. An increase of 10 per 
cent from the 1945 level, bringing per capita milk consumption to 
30 quarts per person per month (including the fluid milk equivalent 
of cheese, cream, and of canned and dried milk) is nutritionally very 
desirable. Such an increase of production is entirely practicable ol 
prompt accomplishment by agriculture if consumer demand is 
deemed to justify it. 

By better breeding of dairy cattle and more scientific manage¬ 
ment of their pastures, dairy farmers can meet a significantly growing 
consumer demand for milk by increased productivity per cow. This 
is actually taking plate now. Thus there need be little if any increase 
in the number of tows kept or in sizes of barns and pastures needed 
to meet the growing demand for milk. When and where the lelative 
prices of grain and milk make it profitable for him to do so, the dairy 
farmer increases the feeding of grain to his cows to increase their pro¬ 
ductivity. To this extent milk production may compete with meat 
and egg production for a fraction of the crops of feed grain. As we 
saw in Chapters III and VI, milk production greatly excels meat 
production in the efficiency with which it turns grasses and feed- 

grains into human food. 

Hence, if and as, a growing per capita consumption of milk draws 
slightly more of the nation’s crop of feed grain into milk production 
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this will mean greater efficiency of utilization of the country’s food 
resources with resultant improvement in human nutrition. Should 
any reader of these pages be so carnivorously minded as to regret 
the competition of milk-production with meat-production in the 
disposal of feed-grain, such a one may rest assured that the largest 
amount of grain which we can conceive of being fed to milch cows 
is so small a fraction of the amount fed to meat animals that the 
anticipated upward trend of milk production and consumption can 
have but little more than a negligible effect upon the nation's volume 
of meat production. 

Meats, fish, poultry ami eggs arc, in the light of today’s knowl¬ 
edge, probably more logically—both more scientifically and more 
practically—treated as one food-group than as two. It is true that in 
some ways the egg differs from all other foods and so might be re¬ 
garded as entitled to be considered in a group by itself. Yet in the 
economics and technology of production, eggs and poultry are 
plainly parts of the same enterprise, and nutritionally the egg is so 
predominantly a high protein food as most logically to be bracketed 
with meats, fish, and poultry. In the statistics of the U. S. Depart¬ 
ment of Agriculture as summarized by Clark, Friend, and Burk 
(1946) egg consumption is given separately and shows a rather fluc¬ 
tuating upward trend from 284 eggs per person in 1909 to 337 eggs 
in 1944 with a preliminary estimate of 374 eggs per person in 1945. 
People who might be expected to be equally expert in the science 
of foods and nutrition do not all think alike as to the most desirable 
level of egg consumption. Specifically some nutritionists would be 
glad to see our national consumption of eggs “level off” at a year- 
round average of 5 to 7 eggs per person per week, believing that this 
is as high as is either economically wise or physiologically desirable; 
while others look with complacency upon per capita consumption 
levels around 10 eggs per person per week by families of more than 
average income. (Parenthetically, the prominent sociologist who has 
advocated 10 eggs a week for every person was probably unaware of 
the physiological problem as to whether persistent indulgence in 
so many eggs is advantageous.) 

In the writer’s opinion, eggs and meat not only may be, but 
logically should be, regarded as in large measure interchangeable 
with each other. Hence our judgment of the trend of egg consump¬ 
tion will be influenced by the trend of meat consumption in the 
same period. In the Department of Agriculture’s statistics for the 
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United States, our per capita consumption of meat, poultry, game, 
and fish decreased slowly from 164 pounds in 1909 to an average of 
137 pounds a year in 1935-39, and then rose to 100 pounds in 1944 
with a preliminary estimate of 157 pounds for 1946. 

Counting eggs as 8 to the pound and combining the weights of 
the eggs, and the meats (including poultry and fish), the official sta¬ 
tistics show our per capita consumption to have been 200 pounds in 
1909, an average of 173 pounds in 1935—39, and an estimated 204 
pounds in 1945 of total meats, fish, poultry, and eggs. 

Thus our annual per capita consumption of foods of the mcat- 
fish-poultry-and-eggs group has shown no marked or constant trend 
over the past four decades, nor any very large fluctuations from its 
average of nearly 200 pounds a year, nearly 4 pounds a week, or 
between 8 and 9 ounces a day. Thus the estimate of our habitual 
level of consumption of foods of this combined meat, fish, poultry, 
and eggs group is about twice as high as the recommendations of 
the National Food Allotment Plan. This latter recommends 4 eggs 
and li/£ pounds of meat, fish, or poultry (or 2 pounds of the com¬ 
bined food group) per person per week. This is a carefully considered 
recommendation and probably represents the best available con¬ 
sensus of well-considered expert judgment upon the difficult ques¬ 
tion "What level of meat and egg consumption is to be considered 
a reasonable part of the American standard of living?” 

The recommended Allotment of 2 pounds per person per week 
of the combined meat-and-egg food group is thus about half as high 
as the American average consumption for the past 40 years; but at 
the same time it is so much higher than the average of most coun¬ 
tries as to be much above the present reach of the majority of the 
world’s people. Does our consumption of so much more than our 
pro rata share of the world’s meat supply make us correspondingly 
more efficient in our contribution to the doing of the world’s work? 
Or are we unduly (or too self-centeredly) carnivorous? And as the 
great majority of people like meat as well as we do, but are debarred 
by economic disparity from getting their pro rata share, does not this 
situation put a strain upon the sense of social justice? 

Voluntary restraint upon our carnivorousness, and a more equi¬ 
table distribution of the world’s meat-and-egg supply among the 
world’s people, might be better for all concerned than the present 
situation of extreme disparities. And as the people of high purchas¬ 
ing power come to see the force of this principle as applied to high 
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levels of meat-eating generally, they will also see that it is still more 
strikingly true of the luxury grades of meat produced by high grain 
feeding, because this latter makes harder the problem of bread and 
milk for the poor. 

Increasingly, the governmental planning of food production goals 
(without ceasing to think in terms of prosperity for agriculture) takes 
account of the nutritional needs of the population, and the develop¬ 
ment of food policy in the direction of optimal nutrition for all the 
people is greatly aided by the public opinion which grows from the 
unselfish example of good citizens in their demands as food con¬ 
sumers. 

Fats, like meats, are habitually consumed in the United States 
in much larger per capita amounts than the majority of the world’s 
people are economically able to obtain. The physiological and psy¬ 
chological significances of higher and lower levels of consumption 
have been so fully and recently discussed as not to need much further 
discussion here. It seems important, however, to emphasize at this 
point that it is no longer sufficient to gloss over differences of per 
capita consumption of fats as merely differences of custom. If, as 
we must all hope, the recent and present great growth and diffusion 
of knowledge of nutrition and its importance to health, is to func¬ 
tion for and not against the spirit of social justice, good-will, and 
permanent peace, we must recognize frankly that some differences of 
food habit are voluntary and represent cultural preferences, while 
others are forced by economic disparities. In the light of the fact 
that for most people, the world over, “half the struggle of life is a 
stru gg^ e f° r food,” and the worldwide spread of the new knowledge 
that food affects health and efficiency more importantly than hitherto 
supposed, it becomes scientifically logical that “nutrition conscious¬ 
ness” shall develop, as well, into a new order of conscientiousness 
in our facing of the problem of the best use of food. 

Sugar and sweets are, like meats and fats, foods which our pres¬ 
ent knowledge shows to be “not possessed of a high degree of essen¬ 
tiality,” yet to be so well liked that most people and nations tend 
to give them a relatively high place in their concept of a satisfactory 
standard of living. With the scientific development of its technology, 
sugar itself has become a relatively cheap source of energy, yet an 
exceptionally one-sided food in that its refining has excluded to an 
extraordinary degree all nutrients except sucrose itself. There also 
has developed the custom of, so to speak, robbing sugar of its cheap- 
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ness by bringing a large fraction of it into foims of expensive prod¬ 
ucts of the pastry-baking and confectionery arts. So while sugar itsell 
has become a relatively cheap food “so far as it goes," i.e., as a source 
of calories, the food-group consisting of sugar and sweets has tended 
to remain in, or revert to, a luxury status. Thus sugar and sweets, 
like fats and meats, tend to be a bone of contention between the 
nations. 

A very brief partial summary of the significance of the trends of 
our per capita consumption of foods bracketed in ten groups might 
be as follows: 

Of grain we produce so much in the United States that we can 
increase the place of cereals and bieadstufls in our diet (in recogni¬ 
tion of their nutritional enrichment), and still export largely to any 
other countries that may be in need of bread. There will still remain 
a large amount of grain for convetsion into milk, eggs, and meat 
in such proportions as consumer demand may indicate. Milk produc¬ 
tion is much the most efficient of these three ways of converting feed- 
ingstuffs into human food and there are also strong direct nutritional 
reasons for increasing our consumption of milk. Of fi uits and vege¬ 
tables also, the guidance of present nutritional knowledge will doubt¬ 
less lead to increased production for the home consumption of the 
people of the United States. When we have given to the first seven 
of the above-named food-groups (including cereals and breadstuffs, 
fruit and vegetables, milk and its products other than butter) the 
increased prominence in our dietaries that present knowledge makes 
desirable, we shall have nutritionally better-balanced dietaries than 
before, and at the same time shall have spared for shipment to others 
increased amounts of meats, fats, and sugar which are, after biead, 
the three types of food most craved by the people of other countries 
and are also practicable for long distance shipment. 

A very practical way of promoting social justice and goodwill 
between neighbors (and between nations) of higher and lower pur¬ 
chasing power, is for the well-to-do to make more use of the more 
abundant foods (of which it is easy to expand production)—in order 
that there may be more equitable distribution of the foods which 
are inherently more expensive of resources to produce. Chiefly, this 
would mean that the people of higher purchasing power should 
moderate their competition for meats and meat-fats in order that the 
supplies of these should enter more equitably into consumption at 

all economic levels. 
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Thus by using present-day nutritional knowledge to guide a few 
simple adjustments within our accustomed general pattern of food 
consumption, we can share food with other nations in larger measure 
and at the same time enjoy more equitable food distribution and 
improved nutrition at home. 
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APPENDIX A. SIMPLE STATISTICAL TREATMENT 


OF DATA 


PROBABLE ERROR (P.E.) AND COEFFICIENT OF VARIATION (C.V.) 

In quantitative scientific work, whether experimental or observational, 
it is important not only to bring the data of experiments or observations 
into comparable numerical form but also to measure, as definitely as may 
be, the validity of the mean results obtained. 

In most modern laboratory courses in physics or in quantitative analysis, 
the student is taught to compute for a series of measurements or determi¬ 
nations some measure of the precision of the mean result. The precision 
measure thus taught in connection with physics and chemistry may or may 
not be exactly the same as the classical probable error which is so much used 
in the statistical analysis of observational data (as in economics, sociology, 
and public health work) and which is equally applicable to the results of 
laboratory experimentation. 

Investigations in the chemistry of food and nutrition, especially since 
the use of laboratory animals in the study of food values and nutrition 
problems has become common, often deal with data which involve both 
the errors of measurement which apply to all laboratory work and also the 
physiological or individual variability of the experimental animals used 
—both precision of measurement in the ordinary laboratory sense and the 
elements of biometrics or of vital statistics as well. 

As a matter of fact these two kinds of errors are not so distinct as the 
ordinary statement of them might seem to imply, the "errors (variations) 
in a series of "purely physical" measurements being largely due to physio¬ 
logical variations such as those of eyesight and steadiness of hand in the 
measurer or measurers. Without elaboration of this consideration, however, 
it suffices for our present purpose to emphasize the fact that the particular 
form of precision measure known as probable error (P.E., E., or p.e.) is 
applicable to the ascertainment of the degree of certainty or trustworthiness 
of the result of an investigation whose data are subject to either or both of 
these kinds of errors or variations. And the computation of the probable 
error yields incidentally a measure of the variability of the data which (ex¬ 
pressed usually in the form of standard deviation or coefficient of variation) 
is often of added value in the interpretation of the results. 
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Standard Deviation 
Mean 


X 100 = Coefficient of Variation 


Jevons in his Principles of Science has given the following concise rules 
for the computation of probable error,* and definition of the value thus 
found. 


Probable Error f 

"The following are the rules for treating the mean result, so as thor¬ 
oughly to ascertain its trustworthiness. 

(1) Draw the mean of all the observed results. 

(2) Find the deviations of each result from the mean. 

(3) Square each of these deviations. 

(1) Add together all these squares, which are of course all positive. 

(5) Divide by one less than the number of observations.* This gives the 
square of the mean error. 

(6) 1 ake the square root of the last result; it is the mean error of a single 
observation. (Also called Standard Deviation.) 

(7) Divide now by the square root of the number of observations, and 
we get the mean error of the mean result. (Standard Deviation of the mean.) 

(8) Lastly multiply by the natural constant 0.6745 (or even by y s ) and 
we arrive at the probable error of the mean result. 


* Whatever the ambiguity of the term “probable error” the conception is 
one of very great importance which can and should be clearly understood by all 
students of science. 

f Jevons' Principles of Science, page 387. 

* In the fifth of the numbered steps above quoted from Jevons, there is a 
slight difference of usage as to whether the division indicated therein shall be by 
the number of observations or one less than this number. (That is by a divisor 
which represents, (I) the number of objects observed, or (2) the number of inter¬ 
vals which one would have if these objects were set up in a row, "in array,” for 
the purpose of observing the extent to which they differ.) This difference should 
never appreciably affect the conclusions drawn, for if there were one hundred 
observations the probable error would be affected to the extent of only one hun¬ 
dredth of its numerical value whereas the differences which one would be con¬ 
cerned to interpret would usually be relatively larger. The larger the number of 
observations the smaller the influence of this deviation of usage, and as the 
validity of this or any other precision measure is dependent upon the number of 
observations being large enough to ensure a “fair sample” of the data concerned, 
it is only when the number of observations is fairly large that it is worth while 
to compute the probable error. For full discussions of the gathering of data, the 
judgment of their adequacy for statistical treatment, and related problems see 
Chaddock’s Principles and Methods of Statistics (1925). 



TREATMENT OF DATA 403 

The probable error is taken by mathematicians to mean the limits within 
which it is as likely as not that the truth will fall." 

The advantage of computing the probable error rather than some other 
precision measure has been mentioned above. So far as concerns applica¬ 
bility to different types of data, one might equally well use the mean error 
omitting the final step in the calculation, which consists simply in multiply¬ 
ing this by a constant. The probable error has, however, the added con¬ 
venience over the mean error (1) of being easily and simply defined in 
words as the limits within which it is as likely as not that the truth will fall; 
(2) of easy statement of the numerical likelihood of finding the truth within 
such wider limits as may be selected, and of the likelihood as to whether 
or not the difference between the means of two series of observations or 
measurements is a real or an accidental difference. 

The probable error of the difference between two means is the square 
root of the sum of the squares of their respective probable errors .* If the 
difference between two means were exactly the same as the probable error 
of this difference, then the chances would be exactly even as to whether the 
difference were a real or an accidental one; but if the difference were three 
times its probable error, then (assuming that the sampling was adequate 
and the data of such a nature as to make the rule applicable) the chances 
would be better than 20 to 1 that the observed difference was a real one and 
not attributable to accident or to individual variations. 

A probable error is significant only in connection with the mean or the 
difference to which it applies. 

Rietz and Mitchell t summarize as follows the rapidly increasing prob¬ 
ability of the validity or reality of a finding or a difference according as the 
difference of two means is found to be equal to or several times greater 
than its probable error: 

“The exponential equation affords us a means of determining not only 
certain limits within which the probability is one half that a deviation will 
fall, i.e., those set by the probable error, but also with what probability 
we may expect a deviation not to exceed any assigned limit. Thus, taking 
limits that are multiples of the probable error. Gauss s Law of Error enables 
us to assert that, for variates that follow this law, the chances that another 
random observation or the mean of any equal random sample will fall 
within the range ± E, ± 2E, etc., arc as follows: 

• For a more precise form of statement, see Chaddock, page 239. 

f Rietz and Mitchell, Journal of Biological Chemistry, Vol. 8, page 305. This 
paper as a whole argues strongly for the general applicability of Gauss s Law of 
Error, and the rules derived from it, to the interpretation of the data of nutrition 
experiments. A relatively skeptical view is presented by Wilson. Science, Vol. 58, 
page 93 (August 10. 1923). Chaddock in his Principles and Methods of Statistics 
gives full and judicial discussions both of the uses and of the possible misuses 
and limitations of the ordinary statistical methods. See also R. A. Fisher’s Sta¬ 
tistical Methods for Research Workers. 7th Ed.. 1938. (Oliver and Boyd.) 
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E 

the 

chances 

are 

even 


2E 

the 

chances 

are 

4.5 

to 

1 


3E 

the 

chances 

are 

21 

to 

1 

± 

-IE 

the 

chances 

are 

142 

to 

1 


5E 

the 

chances 

are 

1,310 

to 

1 


6E 

the 

chances 

are 

19,200 

to 

1 


7E 

the 

chances 

are 

420,000 

to 

1 


8E 

the 

chances 

are 

17,000,000 

to 

1 


l JE 

the 

chances 

arc about 

1,000,000,000 

to 

1 


“It is improbable, therefore, that the deviation of another random observa¬ 
tion will exceed the probable error many times.” 

Applicability. It is presumably not necessary to remind the reader that 
all these considerations apply only to "chance” or "compensating” errors 
and to normal individual variations; not to “constant” or "cumulative” 
errors or errors due to the use of incorrect methods or to biased or inade¬ 
quate sampling. A more picturesque way of making the distinction is the 
statement that the Law of Error "applies only to errors and not to mistakes.” 

This distinction being kept clearly in mind, there still remains the 
question as to how closely one may expect the chance variations of any 
given kind of data to approximate the ideal of the perfectly symmetrical 
frequency distribution for which alone the above rules and ratios hold 
strictly and precisely true. 

For critical discussions of this problem the reader may refer to the 
papers of Rictz and Mitchell and of Wilson and the textbook of Chaddock 
already cited as well as to many other books on statistical method written 
from various points of view. 

Of special significance to the student of foods and nutrition is the fact 
tiiat variations which result from a multiplicity of causes, which plainly 
include the individual variations encountered in foods and in nutrition 
experiments, have quite regularly been found to approximate closely to 
the ideal distribution when studied on sufficient numbers of cases; from 
which it follows that the computation of probable error by the method 
above cited and its use as here indicated in the interpretation of findings 
and differences is in full accord with our best scientific knowledge. But 
unless or until it be actually demonstrated that the particular data at hand 
do show a symmetrical frequency distribution, the computed probable error 
should be taken as an indication or approximation rather'than as a pre¬ 
cisely determined value to be stated dogmatically to several significant 
places of figures. 

It is also unduly dogmatic to suppose that the difference between two 
means abruptly becomes significant when it reaches a certain ratio to its 
probable error. A difference 3.5 times greater than its probable error implies 
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(according to Gauss as noted above) chances of about 100 : 1 which scientific 
workers very commonly consider "statistically significant" for many pur¬ 
poses; but just how good the statistical chances must be to constitute a 
satisfactory resting point for a particular research is a matter of judgment. 



APPENDIX B. FOOD VALUES 
AND THEIR VARIATIONS 


Of special interest to the student of foods are the facts which have sig¬ 
nificant bearings upon our judgments as to how certain and accurate is 
present knowledge of food values. Among these are: the number of separate 
studies that yield data bearing upon the point in question; the number of 
cases or instances whose data have been averaged to obtain a mean value; 
the variability of the data thus entering into the mean (coefficient of varia¬ 
tion, C.V.); the probable error (P-E.) of the mean, and how this compares 
numerically with the mean itself. Also, it is often well worth while to com¬ 
pute the probable error of the difference between two means as an aid to 
judgment as to whether such difference is real and significant or only appar¬ 
ent or accidental. For example, is there a significant difference between oats 
and wheat in their calcium content. 

Tables 44 to 47 furnish data for such comparisons with respect to cal¬ 
cium, thiamine, riboflavin, and vitamin C, respectively, in considerable 
numbers of foods. 
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TABLE 44. CALCIUM IN MGMS. PER 100 G. EDIBLE 
PORTION OF TYPICAL FOODS 



NUMBER 

NUMBER 

COEFi 1- 

MEAN 

P.E. AS 


OF 

OF 

C1EN1 OF 

± ITS 

% OF THE 

FOOD 

STUDIES 

CASES 

VAK1A1 ION 

I\E.° 

MEAN 

Almonds 

16 

31 

26 

254 ± 7.8 

3.1 

Apples 

41 

95 

56 

7 ±0.3 

4.3 

Asparagus 

18 

27 

39 

20 ± 1.0 

5.0 

Beans, dry 

22 

29 

26 

148 ± 4.9 

3.3 

Beans, snap or string 

23 

53 

31 

65 ± 1.8 

2.8 

Beets 

23 

45 

47 

24 ± 1.1 

4.6 

Broccoli 

11 

21 

32 

140 ± 6.6 

4.7 

Cabbage 

36 

118 

46 

52 ± 1.3 

2.5 

Cantaloupe 

11 

19 

37 

16 ± 0.9 

5.6 

Carrots 

20 

50 

26 

42 ± 1.0 

2.4 

Cauliflower 

13 

22 

22 

24 ± 0.75 

3.1 

Celery 

13 

22 

37 

56 ± 3.0 

5.3 

Cherries 

11 

17 

26 

17 ± 0.74 

4.4 

Corn, sweet, fresh 

6 

17 

29 

9 ± 0.4 

4.4 

Dates 

10 

15 

22 

72 ± 2.7 

3.7 

Egg 5 • 

16 

36" 

16 

58 ± 1.0 

1.7 

Kale 

15 

51 

25 

249 ± 6.0 

2.4 

Milk 

46 

274 

7 

118 ± 0.37 

0.3 

Oats (oatmeal) 

13 

17 

15 

55 ± 1.4 

2.5 

Parsnips 

14 

22 

15 

44 ± 1.2 

2.7 

Peas, dry 


63 

26 

73 ± 1.6 

2.2 

Radishes 

12 

22 

47 

37 ± 2.5 

6.6 

Turnip greens 

18 

114 

25 

272 ±4.3 

1.6 

Watercress 

8 

12 

22 

169 ± 7.4 

4.4 

Wheat, entire 

24 

94 

32 

57 ± 1.3 

2.3 


° Probable error. 

"After limiting the preponderance of a single study. 



408 


APPENDIX B 


TABLE 45. THIAMINE IN MICROGRAMS PER 100 G. 
EDIBLE PORTION OF TYPICAL FOODS 



NUMBER 

NUMBER 

COEFFI¬ 

MEAN 

1>.E. AS 


Ol 

OF 

CIENT OF 


IIS 

% OF THE 

FOOD 

STUDIES 

CASES 

VARIATION 

P.E. a 

MEAN 

Apples 

11 

32 

86 

34 ± 

3.4 

10.0 

Asparagus 

7 

32 

20 

159 ± 

3.9 

2.5 

Bananas 

16 

20 

65 

76 ± 

7.5 

9.9 

Barley, eniire grain 

9 

61 

27 

544 ± 

12.7 

2.3 

Beans, mature 

13 

37 

36 

563 ± 

22.4 

4.0 

Beef muscle 

20 

64 

46 

131 ± 

5.1 

3.9 

Cabbage 

15 

38 

60 

75 ± 

4.9 

6.6 

Carrots 

18 

22 

57 

79 ± 

6.4 

8.2 

Cauliflower 

10 

16 

39 

124 ± 

8.3 

6.7 

Cheese 

9 

32 

72 

49 ± 

4.2 

8.5 

Corn, mature 

21 

106 

20 

464 ± 

6.2 

1.3 

Lettuce 

12 

18 

76 

73 ± 

8.9 

12.2 

Liver 

11 

35 

30 

343 zt 

11.9 

3.5 

Milk 

25 

82 

35 

37 ± 

0.9 

2.6 

Oatmeal (Oats) 

19 

56 

37 

605 ±: 

20.4 

3.4 

Orange or juice 

12 

19 

34 

81 ± 

4.3 

5.3 

Peas, fresh, green 

23 

74 

35 

385 ± 

10.5 

2.7 

Pork muscle 

17 

162 

18 

1192 ± 

30.4 

2.6 

Potatoes 

22 

69 

10 

119 ± 

3.9 

3.3 

Rye 

6 

21 

19 

431 ± 

12.2 

2.8 

Soybeans 

10 

3G 

22 

993 ± 

24.9 

2.5 

Spinach 

20 

29 

35 

118 ± 

5.3 

4.5 

Tomato 

IG 

17 

34 

88 ± 

4.9 

42 

Turnip 

12 

25 

13 

65 ± 

3.7 

5.7 

Wheat, entire 

21 

400 

25 

557 ± 

4.7 

0.8 

Wheat germ 

7 

30 

54 

2011 ± 132.9 

6.6 


° Probable error. 
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TABLE 46. RIBOFLAVIN IN MICROGRAMS PER 100 G. 
EDIBLE PORTION OF TYPICAL FOODS 


FOOD 

Apples 

Barley, enure grain 

Beans, snap or siring 

Broccoli 

Cabbage 

Cheese 

Corn, mature 
Corn, sweet 
E«gs 

Lamb (and mutton) 

Lettuce 

Liver 

Oats, oatmeal 
Peas, fresh, green 
Potaiocs 

Poultry, dark meat 
Poultry, light meat 
Tomatoes 

Wheat, entire grain 
° Probable error. 


NUMBER 

NUMBER 

Ct)l 111- 

MEAN 

I'.E. AS 

OF 

OF 

Clfc.NT OF 

± ns 

% OF THE 

STUDIES 

CASES 

VARIATION 

iM. 

a 

MIAN 

9 

IS 

86 

18 ± 

2,1 

13.7 

1 

15 

30 

117 ± 

6.2 

5.3 

13 

15 

33 

99 ± 

3.3 

3.3 

6 

13 

52 

191 ± 

18.7 

9.7 

13 

32 

52 

69 ± 

1.3 

6.2 

11 

56 

21 

551 ± 

11.8 

2.1 

8 

71 

27 

111 ± 

3.0 

2.1 

7 

9 

41 

139 ± 

13.8 

9.9 

17 

55 

36 

366 ± 

12.0 

3.3 

10 

11 

33 

236 ± 

1-1.0 

5.9 

7 

13 

58 

63 ±: 

6.8 

10.8 

21 

02 

II 

2799 ± 99.3 

3.5 

9 

1 1 

25 

138 ± 

6.2 

1.5 

20 

38 

33 

180 ± 

6.5 

3.6 

16 

21 

36 

13 ±. 

2.3 

5.3 

8 

10 

51 

272 ± 

13.8 

5.2 

8 

18 

30 

80 ± 

1.9 

6.2 

12 

25 

27 

17 ± 

1.7 

3.6 

10 

131 

32 

121 ± 

2.3 

1.9 


TABLE 47. VITAMIN C IN MOMS. PER 100 G. EDIBLE PORTION 
OF TYPICAL FRESH FRUITS AND VEGETABLES (RAW) 


FOOD 
Broccoli 
Cabbage 
Carrots 
Cauliflower 
Grapefruit b 
Grapes 
Kale 

Onions (random) 
Oranges b 
Peas, green 
Potatoes 
Strawberries 
Tomatoes 
Turnip greens 


N’UMBI R 

MMIIIR 

C.OI FFI- 

Ml \N 

1\F. AS 

OF 

OF 

CIFNT OF 

± ITS 

% OF THE 

STUDIES 

c: ASES 

VARIATION 

I’.E.® 

MEAN 

7 

139 

29 

115 ± 1.9 

1.6 

26 

150 

61 

58 ± 2.0 

3.4 

31 

61 

76 

6 =t 0.1 

6.7 

22 

54 

33 

76 ± 2.3 

3.0 

16 

301 

1 1 

11 ± 0.2 

0.5 

4 

110 

52 

4 ± 0.1 

2 5 

10 

31 

33 

118 ± 4.6 

3.9 

22 

145 

53 

18 ± 0.5 

3.0 

32 

148 

19 

54 ± 0.5 

1.0 

26 

169 

10 

24 ± 0.5 

2.1 

43 

303 

17 

18 ± 0.3 

1.8 

A A 

18 

203 

47 

53 ± 1 2 

23 

31 

300 

46 

23 dt 0.4 

1 *8 
m mm 

15 

217 

37 

150 ±-2 6 

1.7 


• Probable error. 
b Including samples of juice 
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Abattoirs, see Slaughterhouses, and 
Meat inspection regulations 
Accessory constituents, see Vitamins 
Accomplishments of food legislation 
and inspection, 43-55 
references, 56-59 
Accredited dairy herds. 62 
Accuracy of data, 156-157, 401—109 
Acid (s) 
acetic, 7 

amino. 10-16, 73, 126, 154, 215, 234, 
299 

nutritionally essential. 14; see also 
under name of each and under 
Amino acids 
ascorbic, see Vitamin C 
aspartic, 11. 73, 126, 154, 215, 234. 
299 

benzoic, 7 
boric, 71 
butyric, 8, 74 
capric, 12, 74 
caproic, 8, 74 
caprylic, 8, 74 
citric, 7, 75 
dihydroxystearic, 74 
fatty, 8-10, 74 

nutritionally essential, 74 
folic, 23. 29, 244 
fruit, 2. 7-8, 11-12 
glutamic, 11, 16, 73, 126, 154, 215, 
234, 299 

hydroxyglutamic, 16, 73 
lactic, 7, 98 
lauric, 8, 74 
linoleic, 9 
linolenic, 9 
malic, 7 

mono-amino, reference, 106 
myristic, 8, 74 
oleic, 9. 74 
organic, 7-8, 259 
oxalic, 7, 242-243. 257 
palmitic, 8, 74 


Acid (s) (Con/.): 
ptcroylglutamic, 29 
stearic, 8, 74 
succinic, 7 
tartaric. 7, 8 
thymonucleic, 12 
triticonuclcic, 12 

Acid-basc balance, 76. 128, 156, 282 
Acid-forming elements, 76, 128. 156 
Acid, lactic fermentation, 106-108 
Acid proteins, 13 

Acidity. 98, 106-108, 121, 122. 270-271, 
368 

in chccscmaking, 98 
in ripening of fruits, 270-271 
in vinegar, 368 
Acidophilus milk, 107-108 
references, 108, 109-113 
Adenine, 230 

Adequacy of food supplies, 41, 375-398 
Adjustment of food habits for better 
nutrition, 41-42 

of food production goals, 37—13 
Adulteration, definitions of, 44—16 
Alanine. 11. 73, 126. 154, 215. 234, 299 
Albumin. 11. 73. 126, 199 
Albuminoids, 12 
Alcohol in fermented milk, 107 
Alcohol-soluble proteins, 12 
Aldehyde, cinnamic, 521, 525 
Ale. 368 

Alcurone layer of wheat, 197-199 
Alkalinity of egg white. 121 
Alkalinity potential of fruits and vege¬ 
tables, 282 

Alkaloid. 363. 364. 366, 367 
Alligator pear, see Avocado 
Allotment of food, 42-43 
Allspice, 358 

Almond (s), 11, 291. 297, 299-300, 

407 

calcium in, 300, 407 
extract, 361 
Amandin, 11, 299 

1 
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INDEX 


American cheeses, 96-105 
references, 109-115 

American Medical Association, Council 
on Foods and Nutrition. 51-52 
Amid, 203 
Amide nitrogen, 87 

Amino acids, 10 - 11 . 13-15. 73. 126, 154, 
215. 231, 299 
of beef, 154 
of casein, 73 
of egg proteins, 126 
of gelatin, 154 
of grain proteins, 215 
of lactalbumin, 73 
of legume proteins, 234 
of milk proteins, 73 
of nut proteins, 299 
required in nutrition, 10-11, 13-15 
Ammonia. 11, 73, 101, 119 
in cheese. 101 

Amounts of riboflavin furnished by dif¬ 
ferent food groups in American 
dietaries, 81 

Amounts of thiamine furnished by dif¬ 
ferent food groups in American 
dietaries, 81 

Analyses, see names of individual loods 
Analysis of foods, general, 1, 36 
by biological methods. 2 
references. 32-36 
Ancthum graveolens, 360 
Animals, ante-mortem inspection of, 
see under Meat 

feeding experiments with. 15, 17, 21- 
27, 30. 32. 216, 217, 219, 236, 
375-376 

inspection. 139, 140 
post-mortem inspection of, see under 
Meat 

Anise, 358, 361 

Antincuritic substance, sec Thiamine 
Antirachitic substance, see Vitamin D 
Antiscorbutic, see Vitamin C 
Apple (s), 7, 30, 32, 267, 270-271, 273, 
267-277, 278, 368, 407, 408, 409 
acids in, 7 

chemical change during ripening, 
270-271 
dried, 273 

references, 283, 284, 285, 286, 287, 
288, 289, 290 

Apricot (s), 267, 269, 273-274 

references, 272, 284, 287, 289, 290 


Arachin, 11, 299, 300 
Arachis, see Peanut 
Arginine, 11, 14, 73, 126, 154, 215, 234, 
299 

Aromatic spices, 357, 358-360 
Articles of food, 3; see also name of 
each 

Artificial ripening of fruits, 271-272 
Ascorbic acid, 28; see also Vitamin C 
Ash of food, 1, 16-20, 29, 31, 155, 187; 

see also Mineral elements 
Asparagus, 242, 407, 408 
references, 252, 254, 256, 265 
Aspartic acid, 11, 73, 126, 154, 215, 234, 
299 

Arena saliva, see Oats 
Avocado, 267 

references, 285, 289 

Baby beef, 138 

Bacillus acidophilus, 106-108; see also 
Lactobacillus acidophilus 
Bacon, digestibility of, 318 
Bacteria, acid-forming. 106-108 
in butter making, 307 
in cheese, 101 
in cream, 307 

in the digestive tract, 5, 28 
in fish, 180 
in meat, 142-143. 147 
in milk, 66 
in oysters, 182-185 
Babcock test, 305, 306 
Bacteriology of cheese, references, 109— 
113 

Bagasse, 331-332 

Bag-filtration in sugar refining, 338 
Bakery products, see Grain products 
skim-milk in, 217, 222 
Baking industry, 203 
Baking powders, 356-357 
Balance, acid-base, 76, 128, 156, 282 
Bananas, 267, 408 

references, 283, 284, 285, 286, 288 
Barley, 12, 206-207, 408, 409 
pearled, 206 
references, 228, 230 
Base-forming elements, 76, 128, 156, 
282 

Base-forming potential of fruits and 
vegetables, 282 
Bay leaf, 360 

Beans, 233-237, 407, 408, 409 


INDEX 
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Beans ( Coni .): 
dry, 233. 231. 407. 408 
references, 250, 251, 252. 253. 251. 

255, 256. 257. 258-265 
snap or string, 235-237. 107. 409 
as source of vitamin A. 236 
Beans, Lima, references. 26-1. 265 
Beans-peas-nuts food group, economy 
in American dietaries (Table 6). 
81 

Beef, 136-137, 141, 155, 408 
amino acids of, 153, 154 
canned, 143-114 
cold storage of, 140-141 
dressed weight in proportion to 
live weight, 141 
dried. 144 
extract, 145-146 
fat, 152. 311 
freezing, 142-143 
fuel value of. 153 
grades, 1 19-151 

hindquarter of. showing Federal in¬ 
spection and grading stamps, 150 
jerked, 144 

market classes of, 149-151 
production of, 137-138 
proteins of, 153, 154 
purines in, 155 
references, 164—171 
slaughtering of, 140-141 
vitamins in, 156, 408 
Beer, 368 
Beet (s), 242, 407 
reference, 254 

Beet sugar, 329, 339-341, 344 
compared with cane, 344 
industry, 339-341 . 

“Belt" of dairy farming in the tinted 

States, 88 

Benefits of nutritional knowledge, how 
spread, 41-43, 376 
Beriberi, 26-27 

Berries, 267; see also under individual 
berries 

Beverages, carbonated, 367 
fruit and fruit-flavored, 367 
Bioassay, 2, 25-26 
Blackberries, 269 
Blanching vegetables, 247-248 
Blueberries, 284, 287 
reference, 286 
Borax, 71 


Boric acid, 71 

• Both an educational and an economic 
question.” 42. 375-376 
Botulism, reference. 251 
Bouillon cubes, 1 16 
Bovscnbcrry. 267 

Bran, 6-7. 197-199. 200. 202. 203. 218- 
219 

references. 223. 221. 226. 229 
Brandy. 368 
Brassica juncca , 357 
nigra, 357 

Brazil nuts. 11. 297. 298 
Bread, 194, 196-198, 199-205. 210-219. 
220-222; see also Grain product'* 
enriched. 203-205 
making of. 203 
references, 223-231 
Urcadinaking, 203 
Brcadstulfs, 191. 196-208. 214-222 
nutritive value of. 211-222 
place in the diet. 211—222 
references. 223-231 
Break flours, 200 
Broccoli. 213. 245. 107. 409 


leaves. 245 

references. 250. 254, 237. 264. 26.» 
roths, meat. 139 
nixsels sprouts. 216 
uckwhcat. 213-214 

udgets. see Economy of dilfcient 
foods 

uds, see Broccoli 
ulbs, see Onions 
utter, 304-310, 377, 381. 382-383 
and other fats in relation to com of 
diet, 377.381,382-383 
fuc4 value of. 310 
judging of, 309 
making. 305-310 
moisture in. 309-310 
processed. 310 
renovated, 310 
score card for, 309 
luttcrfat, 66-68, 74, 

321-323 
Jutterfish, 187 
Un tcrinilk. 106-108 


75. 303. 304-310. 


Cabbage. 242, 107, 408, 109 

references. 251. 252. 254. 256. 259. 


references 

262. 264. 


265 
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Cacao, 364-367 
beans, 365 
butter, 366 

definitions and standards, 365-366 
nibs, 365 
products, 364-367 
references, 371, 372, 373, 374 
Caffeine, 364 

references, 372, 373 
Caff col, 364 
Caffetannic acid, 364 
Calcification, 28-29 

Calcium, 16-18, 28-29, 81. 155. 242- 
244. 245, 300, 344, 377. 379-380, 
381, 384. 407 
in fruits, 407 
in milk, 407 

in typical foods with measures of 
probability and variation, 401- 
407 

of spinach not nutritionally avail¬ 
able, 242-243 

of various greens, utilization of, 263 
references. 111, 254, 257, 258, 260, 
261, 262. 263, 286. 287 
Calorie, definition, 2 
Calories, 2. 7, 10. 14, 30. 81. 222. 237, 
240, 279, 310, 346 

furnished by different food groups, 
81 

Calves, slaughtering of. 138 
Camembcrt cheese. 102 
Candling of eggs, 117-118 
Candy, 345. 350, 365-366. 367 
references, 352, 353, 372. 373, 374 
Cane sugar, 3, 4-5. 95. 272. 329-339, 
342, 344-351 


Canning, 95-96, 

, 143-144, 

178- 

-179, 

182, 

235, 

246-248, 

272. 

278 



references, 250, 251, 252, 

253, 

254, 

256, 

257, 

258, 

259, 

261, 

263, 

264, 

265, 

272, 

284, 

285, 

286, 

287, 

288, 

289, 

290 







Cantaloupe (s), 277, 407 
references, 265, 287, 289 


Capric acid, 8, 74 
Caproic acid, 8. 74 
Caprylic acid, 8, 74 
Capsicine, 357 
Capsicum annuum, 357 
baccatum, 357 
fructescens, 357 
Caraway, 358 


INDEX 

Carbohydrates, 1, 3-7, 11, 12, 66, 75, 
195, 202, 329-351 
Carbonatation, 341 
Carbonated beverages, 367 
Carotene, see Vitamin A values 

references, 251, 253, 254, 256, 257, 
258, 260, 262, 263, 265, 287 
Carotinoid pigment, see Carotene 
Carrots, 242, 407, 408, 409 
references, 251, 254, 257, 261, 262 
Carum carui, 358 
Caryophyllus aroma tic us, 359 
Casein, 13, 73 

amino acids in, 73 
elementary composition, 73 
percentages of individual amino 
acids, 73 

see also. Proteins of milk 
Caseinogcn, 12, 72-74, 79; see also 
Casein 

Cashew nuts, 291 
Cassia, 358 
extract, 361 

Cauliflower, 407, 408, 409 
references, 254, 261, 264, 265 
Cayenne pepper, 357 
Celery, 407 
Cellulose, 4, 6 

Center of gravity of problem of rela¬ 
tions of food to health, 54-55 
Cereals and flour, amounts suggested 
in the proposed food allotment 
plan, 42 

Cereals, breakfast, 214-222 
nutritive value of, 214-222 
place in the diet, 214-222 
see also Grain products 
Certification of milk, 64 
Chances, statistical, 403—104 
Changes in cheese proteins during 
ripening. 101-104 
Chard, 7 

"Check list of Standards for Farm 
Products,” 53 

Cheddaring in cheese making, 100 
Cheese, 96-105, 408, 409 
American Cheddar type, 97-101 
amino acids in, 101 
bacteria in, references, 109, 110, 111 
Brie, 102 
Camembert, 102 
Cheddar, see American Cheddar 
coloring, 98 


INDEX 


Cheese (Cotit.): 

consumption, 90-97 
cottage, 97, 111 
cream, 97 

digestibility of. 101-105 
Edam, 102 

Emmenthal or Swiss, 102 
reference. 109 
emulsified, 104 
manufacture, 97-101 
nutritive value. 105 
Parmesan, 103 
pineapple, 103 
place of. in diet. 105 
process, 101 

references, 110. Ill, 112, 113 
ripening, 100-101 
references, 110. Ill 
Roquefort, 103-104 
spreads, 104 
Stilton, 104 
Swiss, see Emmenthal 
synthesis of vitamins in, 110 
varieties of, chiefly used in 1 nited 
States. 97. 101-101 
Chcnopodiaceac, 7-8, 407 
Cherries, 407 

references, 284, 290 
Chicken(s), 155, 187 

Children as influenced by food. 31. 8. 

references, 85, 86, 87 
Chlorides, see Mineral elements and 
Salt 

Chlorination of oysters. 181 
Chocolate. 363. 364-367 
milk. 365. 366 

Cholesterol in eggs. 130-131 
Churning, 307-308 
Cider vinegar, 368 
Cinnamon, 358-359, 361 
extract, 361 

Cinnamonum cassia , 358, 362 

Cinnamonurn zeylanicum, 358 

Citral, 361 

Citrates, 7 

Citric acid, 75-76 

Citrus aurantium , 362 

Citrus (fruits). 278, 281, 282 

references, 283, 286, 287, 288, 289 
see also under name of each 
Citrus limonia, 362 

Classes and grades of meat, 149— 
151 
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Clove (s), 359 
extract. 362 
Clams, reference, 191 
Coagulated proteins. 13 
Coagulating milk in checscmaking. 

98-99 
Cobalt. 19 

Coconut. 296-297. 298. 299, 303. 312 
references. 302 
Cod (fish). 155, 187. 189 
Cod liver oil. 23. 188. 189 
references. 33. 34. 193 
Coefficient of purity of sugar cane 
juice, 331 
Coffee. 364 

Cold storage. 118. 120-122 
Collagen, 12 
Collards, 213. 214 

Color in meat as a factor in its grading. 

151 

of milk. 75 
Colostrum, 67 

Committee on Foods, sec Council on 
Foods and Nutrition 
Comparison of white and yolk of egg, 
128 

Composition of foods. 1-36; see also 
under name of each 
Conarachin, 11. 299. 300 
Condensed milk. 93-96 
references, 110, 111 
Condiments. 357—360 

references, 371, 372. 373, 374 
Confectionery, 3 15 

references. 371, 372. 373. 374 
Conjugated proteins, 12 
Conservation of nutritive values of 
foods, 43 

Constituents of food, 1-36 
Consumers as influencing the food 
supply, 41—13 

Consumption, of the chief types of 
food, 387-398; see also under 
individual articles of food 
of meat and eggs. 379-382 
of milk as influencing individual 
and family well-being, 82- 
84 

of vegetables and fruits by major 
groups, 280 
Containers. 53 

Contrast of optimal with merely ade¬ 
quate nutrition, 375-376 
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Control, general, of food, 37, 38, 40, 
43-55 

Cooperation within the food industries, 
53-55 

Copper, 19, 155 
Copra, 296 
Cordials, 368 
Coriander, 359 
Conundrum sativum, 359 
Corn (maize), 16, 208-213, 232, -107, 
408, 409 
canned, 278 

composition of, 208-209 
kernel and its parts, 208-209 
meal. 209-210 
oil, 209-21 1 

products industry, 210-211 
sirup, 212 
starch, 211-212 
sugar, 212-213 
sweet, 232, 407 

Cost and contributions to nutritive 
value of each food group: U. S. 
Dept. Agriculture study of 1942 
(Table 6), 81 

Cost of food in relation to nutritive 
value, 81; sec also individual 
foods 

Cottage cheese, calcium in, reference, 

111 

Cottonseed oil, 314-316 
Council on Foods and Nutrition, 51- 
52 

Cowpeas, 261, 262 
Cranberry (ies), 7 
reference, 287 
Cream, 88-90 
Cream of tartar, 7, 8, 356 
Creatine, 146 
Crocus sativus, 360 
Crucijerac, 357 
Cucumber(s), 237 
Cucurbits, 237 
Cumin seed, 359 
Cuminum cyminum, 359 
Culling of cows, 65-66 
Cymene, 358 

Cystine. 11, 73, 126, 154, 215, 234, 
299 

Dairy cattle, 60-65, 88 
Dairy cow(s), as converter (s) of feed- 
ingstuffs to human food, 61 


Dairy cow (s) ( Cont .): 

composition of milk of different 
breeds of, 68 
health of, 62 

Dairy products, see under name of each 
Dairying, see Milk, Butter, Milk prod¬ 
ucts other than butter 
Dates, 274, 275. 407 
references, 288, 289 
De-caffeinated coffee, 364 
Definitions of adulteration and mis¬ 
branding of foods, 44-46 
Dehydration of fruit, 273 
Derived proteins, 13 
Development, skeletal as influenced by 
food, 17, 31 
Deviation, 401—105 
Dewberries, 269 
Dcxtrins, 4, 6 
Dextrose (Glucose), 3, 4 
Diastases. 207 
Diet, passim 

Digestibility, see discussions of the dif¬ 
ferent types of food 
Dill seed, 360 
Di-peptide, 13 
Dipteryx odorata , 363 
Disaccharidcs, 3—1, 4-5 
Discovery of vitamins, 20-23 
references, 32-36 
Distilled vinegar, 369 
Division of money spent for food, 81, 
375-397 

Drying of fish, 179-181 
of fruits, 272-274 
of meat, 144 
of milk, 91-93 
Duck, 187 
Durra, 213 
Durum wheat, 205 

Economics of the food supply, 37-^14, 
60-62, 65, 81-83, 88, 114-120, 
129-132, 137-141, 159-164, 172- 
173, 194-197, 375-398 
Edam cheese, 102 
Edestin, 11, 203 
Edible fats and oils, 303-323 
references, 323-328 
Education in food habits, 41-42 
Effects of differing degrees of promi- ^ 
nence of the chief types of food 
in the dietary, 377-385 


INDEX 

Egg(s), 42, 81. 114-136. 369. 370. 382. 
384. 394-396. 407. 409 
acid-forming elements in, 128 
amount suggested in the proposed 
food allotment plan, 42 
calcium of, 127, 128 
changes in composition during stor¬ 
age of, 121-123 

chemical composition of. 121-129 
cold storage of, 118-122 
comparison of white and yolk, 
128 

digestibility of, 128—129 
dried, 123-124 

economy of, 81, 129-132, 381, 382. 

384, 391-396 
fat in. 125 
frozen, 122-123 
grading of, 117-118 
infertile. 122 
interior quality, 120-122 
industry, 116-124 
iron of, 127. 128 
lecithin in, 125 
marketing of. 116-117 
mineral elements of, 127-128 
nutritive value of, 44—45, 48-51, 114- 
116, 124-129 

official standards and grades of, 118 

phosphorus of, 127, 128 

pigments of, 125-126 

place in the diet, 129-132 

potassium, 128 

production of, 114—116 

proteins of, 126-127 

references, 133-136 

sodium, 128 

storage, 118-122 

sulfur, 128 

trade practices, 116-124 
vitamins of, 128 
Eggplant, 237 

Elements, chemical, of foods, 2, 16-20, 
407; see also under individual 

foods 

Emulsified cheese, 101 
Emulsion of fat and milk, 66-67, 101 
Endive, reference, 265 
Energy in nutrition, 1, 2, 4, 7. 10, 14, 
29, 30 

Energy value (s), see individual foods 
"Enough of the right kinds of food." 
39-13, 54-55 
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Enrichment of flour and bread, 203- 
205 

Environment as influencing nutritive 
values ol foot! crops, 13 
Errors distinguished from mistakes. 
403 

Escarolc (endive), reference. 265 
Essential oils, see Spices and Extracts, 
flavoring 

“Essentials in the production of milk 
of low bacterial content,” 61 
Ethylene in ripening of fruit, 271 
Eugenia caryophyllala, 359 
Eugcnol, 358. 359 
Evaporated milk. 93-96 
references. 110, 111 

Evaporation in sugar manufacture. 
333-334 

Evolution and stabilization of Amer¬ 
ican agriculture, 65 
Excelsin, 11. 299 

Exclusion of dust from dairy cow 
stables, 62 

of flics from slaughterhouses, 147 
"Extra foods.” 354-374 
Extracts, flavoring. 360-363 
of meat, 143, 145-146 

Fat (s). 1. 8-10. 42. 81. 303-323 

amount suggested in proposed food 
allotment plan. 42 
as shortenings, 317 
digestibility of, 317-320 
economy in American dietaries. 81 
energy value of, 10 
fuel value of, 10 
place of, in diet, 319-320 
references, 323-328 

trend of consumption in the United 
States, 304 

"visible” and "invisible.” 303 
Fattening of meat animals, 136-138 
Fatty acid (s), 8-10, 74 
Federal food and drugs act, 44-50 
Federal meat inspection, 147-151 
Feeding experiments with animals, 15, 
17, 21-27. 30, 32, 216. 217 
Fennel, 360 

Fermented milks, 106-108 
Figs, 274 
Filberts, 291 

"Findings of fact” regarding foods for 
special dietary uses, 47-50 
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“Finishing” meat animals. 136-137 
Fish. 176-182, 185-186, 187-189 
as source of iodine, 188 
canned, 178-179 
consumption, 176 
digestibility of 187 
dried, 179-181 
frozen, 177-178 
mineral elements in, 187-188 
oils, 189 

references, 190-193 
salted, 179-181 
smoked, 181 

variations in composition of. 185- 
186 

vitamins in, 188-189 
Fish-liver oils, 23, 188, 189 
references, 33, 3-1, 193 
Flash pasteurization, 66 
Flavoring extracts, 361 
Flesh, see Meat 
Flour. 199-203, 206 

and grist mills, money value of 
products, 37 
ash, 202 
barley, 206 
clear grade, 201, 202 
composition of different grades, 201- 
203 

enriched, 203-205 
entire-wheat, 201 
graham, 201 
low grade, 203 
patent, 200-203 
protein content, 202 
"red dog,” 202 
second clear grade, 202 
“ship stuff,” 203 
straight grade, 201-203 
streams of, in milling, 201 
whole-wheat, 201 

Flowers as food, see Broccoli and Cauli¬ 
flower 

Foeniculum foeniculum, 360 
Folic acid (vitamin M), 23 
Food adjuncts, 354—374 
Food (s), budgets, 385-387 

Council on, of the American Medi¬ 
cal Association, 51-52 
economics, 37-43, 54-55 
references, 56-59 
for special dietary uses, 47-50 
in ten groups, 387-397 


Food (s) ( Cont .): 

legislation, 37-39, 43-50; see also 
under individual foods 
management, 37-55 
references, 56-59 
manufactures, value of, 37-38 
materials, 3-20; see also under indi¬ 
vidual foods 
misbranding of, 46-50 
preservation, sec under individual 
foods 

relation of, to health, passim 
unclassified, 354-374 
values, 1-32; see also name of each 
food 

Food-groups as factors in the costs and 
nutritive values of dietaries, 81 

F'oodstulfs, different uses of the term, 3 

Fructose, 3, 4 

Fruit (s). 81, 266-290, 377-384, 407-409 
and vegetables in relation to cost of 
diet, 278-283 

artificial ripening of, 271-272 
base-forming elements in, 282 
canned, 278 

chemical changes in ripening, 270- 
272 

citrus, 266-267, 269 
references, 283, 288 
classification, 266-268 
dried, 278 
frozen, 272, 278 
reference, 286 
juices, 278 

place of, in diet, 281-284, 377-384 
pome, 267 

preservation by canning, drying, or 
freezing, 272-275 
references, 283-290 
ripening of, 270-272 
stone, 267 

sulfuring of, 273-275 
trends of consumption of major 
groups, 277-278, 279-280 
vitamin values of, 81, 276-283, 408,' 
409 

Fruit juices and fruit-flavored bever¬ 
ages, 275-276 

Fruit, relation of cost to certain nu¬ 
trients furnished, 377, 384 

Fruit, vegetables, and milk (together), 
relation of cost to certain nu¬ 
trients furnished, 383-384 


INDEX 

Fuel values, see tables of composition 
Functions, governmental, with respect 
to food, 37-55 

‘•Fundamentals of Dairy Science,” ref¬ 
erence, 109 

Galactose, 4 
Game, 175-176 
Gaultheria procumbens, 363 
Gelatin, 12, 159 
Germ of corn (maize), 209 
Germ or embryo of wheat, 202 
Gin, 368 
Ginger, 359-360 
extract, 362 

Gliadin, 12. 203, 215, 216 
Globin, 12 

Globulin (s), 11; see also names of in¬ 
dividual globulins 
Glucose, 3, 4 
vinegar, 369 

Glutamic acid, 11, 73. 126, 154, 215, 
234, 299 

Glutclin(s), 11-12, 215 
Glutenin, 12, 203, 215, 216 
Glycerides, 8-9 
mixed, 9 
simple, 9 

Glycerol (glycerin), 8. 9 
Glycine, 11, 73. 126, 154, 215, 234. 299 
Glycinin, 234 
Glycogen, 4, 6 
Glycoproteins, 12 
Goosefoot family of plants. 7-8 
Grades and standards, mandatory, 52 
permissive, 53 
tentative, 53 

sec also under Food laws and discus¬ 
sions of individual foods 
Gradual reduction process in the mill¬ 
ing of wheat, 199-201 
Grain, see under name of each 
Grain products, 81, 191-231, 377, 378- 
379, 387-388. 407-109 
nutritive value and place in the diet, 
214-222 

references, 223-231 
Grain Standards Act, 52-53 
Grain vinegar, 369 
Granules, starch. 6 
Grape (s), 7, 269, 409 
references, 288, 290 
vinegar, 369 
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Grapefruit (and juice), 7, 269. 285, 
286, 287, 290, 109 
references. 281, 286, 287 
Gray fish, 187 

Greens, 17. 28. 212-215, 277 

references, 255. 259, 261. 262. 263. 
265 

see also under name of each 
Grits, 210 

Groundnut, sec Peanut 
Growth, suspension of by shortage of 
lysine, 14—15 

“Half the struggle of life is a struggle 
for food," 38 

Halibut liver oil as source of vitamins 
A and D,189 
Ham. 155 

Handling of milk, 60-72 
Health, passim 
Hemicelluloses, 4. 6-7 
Hemoglobin (s), 12. 18 
Herbs, 357. 360 

Histidine. 11, 14. 73, 126, 154, 215, 234, 
299 

Histons, 12 
Hominy, 210 
Honey. 4, 343-344. 345 
Honey-dew melons, 270 
Hordcin, 12. 206 
Horseradish, 358 

Human food per acre produced in 
milk farming, 61 

Human food problems studied through 
animal experimentation, 30-32 
Hydrogenation of fats, 9, 316 
Hydrolysis of protein, 11 
of starch, 3, 5, 211-212 
Hydroxyglutamic acid. 11, 73, 126, 154, 
215, 234, 299 

Hydroxylysine, 11, 73, 126, 154, 215, 
234, 299 

Hydroxyproline, 11, 73, 126, 154, 215. 
234, 299 

Ice cream, 90 

references, 109, 110. Ill, 112, 113, 
352 

Improvement in nutrition resulting 
from increased proportion of 
milk in the diet. 82 
Improvement of nutritive values of 
foods, 43 
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Index for interior quality of eggs, 121— 
122 

Inorganic salts, see Mineral elements 
Inspection, of animals and meat, 140- 
114, 148-151 
of milk. 70-72 
Invert sugar, 5 
Iodine, 19 
Iodi/cd salt. 355 
Iron, 18, 81. 155, 204 
Isoleucine, II, 14. 154, 215, 234, 299 

Juices, see Fruit 

Kafirin, 12 

Kale. 107, 243. 407. 409 
references, 252, 251, 25C, 259 
Kclir, 107 
Kumiss, 107 

Label (s). regulations regarding, 43-50, 
148-151 

of meats, 148-151 
under food and drugs act, 43-50 
Lactalhumin, 11, 73 
Lactation, stage of, influence on com¬ 
position of cow's milk, 68 
Lactic acid bacteria anti fermentations, 
98, 101, 106-108 
references, 108, 109-113 
Lactic acid in fermented milks, 107 
in cheese making, 98 
Lactobacillus acidophilus, 106-108 
references, 108, 112 
Lactoglobulin, 72 
Lactometer, 71 
Lactose, 4, 5, 75, 109 
lemonade, 109 

relation of to intestinal hygiene, 106- 
108 

references, 109, 112 
Lamb, 139, 409 

Lard, 1, 23, 303, 304, 311-312 
Laurie acid, 8, 74 
Laurus nobilis, 360 
Law, food and drugs, 38-55, 62-65, 
70-72 

meat inspection, 148-150 
Laxative effect of bran, references, 
226, 229 
of fruits, 279 
of vegetables, 249 


INDEX 

Leaf (y) vegetables, 242-245; see also 
under name of each 
Lecithin, 76, 127 
Lecithoproteins, 12 
Legume (s), 7, 232-235; see also under 
name of each 
Legumclin, 11, 234 
Lcgumin, 11, 234 
Lemon (s), 7, 266, 267, 268, 271 
extract, 361, 362 
oil. 362 

references, 284, 285 
Lemonade, lactose, 109 
Lentils, 232 
Lettuce, 243, 408, 409 
references. 255, 258, 259, 260, 262, 
263, 265 

Leucine, 11. 14, 73. 126, 154, 215, 234, 
299 

Leucosin, 11, 203, 215 
Levulose, 3, 4 
Liebig’s extract, 145-146 
Lima beans, see Beans 
Linoleic acid, 9 
Linolein, 9 
Linolenic acid, 9 
Liver, 155. 156, 408, 409 
Livctin, 127 
Loganberry, 267 

Longevity, effect of diet on, 20, 24, 27, 
375-376 

Lysine, 11, 14, 73, 126, 154, 215, 216, 
234, 299 

Macaroni, 205 
Mace, 360 
Mackerel, 187 
Magnesium, 18, 155 
Maize, see Corn 
Majorana hortensis, 360 
Malic acid, 7 
Malt, 5, 207, 368 
liquor, 368 
Malt sugar, 4, 5 
Malt vinegar, 369 
Maltose, 4, 5 
Management, 37-55 
Manganese, 19, 155 
Manufacture, see the different articles 
of food 

Maple sirup, 343, 345 
sugar, 5 

Margarine, 310-312 
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Marjoram, 360, 363 Melting point of fats in relation of 

extract, 363 digestibility. 318 

Marketing, 39, 41. 52-53, 63-65, 116- Mentha spicala , 363 
121, 139-112, 1-48-151, 172, 176- Metaproteins, 13 


177, 268-269 
Mayonnaise, 369-370 
Meal, corn, 208-210 
Meat (s), 32, 81, 137-164; see also name 
of each 

ambiguity of market grading. 149- 

151 

and fish, relation of ebst to certain 
nutrients furnished, 381, 382, 
384, 394-396 

application of preservatives to, 145 
ash of, 155-156 

bacteriology of. 142-144, 146-149 
branding of, under meat inspection 
law. 149-151 
canned, 143-144 
canning of, 143-144 
composition of, 151-159 
consumption of, 159-164 
dressed weights of, 141 
economics of the industry, 137-139 
economy in the diet, 81, 150-164, 
377-382. 385-387, 394-397 
extracts, 143, 145-146 
frozen, 142-143 
grading of, 149-151 
grain-fed vs. grass-fed. 150-152 
handling of dressed, 141-142 
inspection, 116-151 
law and regulations, 146-151 
labeling of, 119-151 
•legislation, 146-151 
market classes of, 119-151 
nutritive value of, 151-158 
place in the diet, 159-164 
preservation of, 1 12-145, 148-149 
processing of by heat, 144 
protein of, 153-154 
purines in, 155 
references, 164-171 
ripening of, 141-142 
sanitation, 147-149 
trend toward marketing animals at 
earlier ages, 138 

with fish and poultry, amount in 
proposed food allotment plan, 
42 

Melon (s), 267. 278. 289; see also Canta¬ 
loupe (s). Watermelon (s) 


Methionine, 11. 14, 73, 126, 154. 215, 
234, 299 
Microbioassay, 2 

Microorganisms in food analysis, 2 
Middlings, 199, 200. 205 
Milk, 3, 17, 23, 28, 12. 60-81, 70-72, 
106-108, 381. 383-384. 386, 392- 
394, 407, 408 
acidophilus, 106-108 
adulteration of, 70-71 
amount suggested in food allotment 
plan, 42 
calcium in, 407 
canned, 93-96 
certified, 64 
color of, 75 
composition of. 66-80 
condensed. 93-96 
consumption, 80 
dried. 91-93 

economy in diet. 81-81, 381, 383-384, 
392-394 

economy of production, 62-62. 81-84 
evaporated, 93-96 

fat, 67-69. 74. 73. 79; see also 
Butter (fat) 
fermented, 106-108 
homogenized, 67 
in children's diets, 82 
in relation to calcium in diet, 81, 
379. 380 

inspection of, 70-71 
irradiated, 28-29 

natural differences in composition, 
67-69. 78 

pasteurization of. 66 
pasteurized, 66 
phosphorus in. 76 
place in diet, 78-84 
powdered, 91-93 
production. 60-66 

products other than butter, 88-109 
references, 109-113 
proteins, 72-74. 79 
references, 84-87 

sanitation in production of, 62-66 
standards, 63-65, 72 
sugar. 4. 5 
top milk, 69, 79 
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Milk (Cotit.): 

variations in fat content and caloric 
value, 78 

vitamin I) milk; 29 
vitamins, 77, 78 

"Milk as a Food Throughout Life," 82 
Millet, 213 

Mineral elements, 1, 16-20, 29, 31, 76- 
78, 81, 127-128, 155, 187-188, 
380-381, 384. 390-393; see also 
discussions of individual foods 
Misbranding as defined in food and 
drugs act. 43-50 
Mixed sirup, 342-343 
Molasses, 335-336. 341, 342. 345 
Monosaccharides, 3, 4 
Muskmelon, see Cantaloupe 
Mustard. 357-358 
greens, 243 

Mutton (and lamb). 136-141 
Myristic acid. 8, 74 
Myristica fragrans, 360 

“National Food Guide,” 83 
Neuritis, 26-27 
Neutral lard, 311-312 
Niacin, 27-28. 204 

Nickel, use of in hardening oils and 
fats, 316 

Night blind ness. 23-26 
Nitrogen, 1, 2; see also Protein (s) 
Noodles, 205 
Nucleic acid, 12 
Nucleoproteins, 12 
Nuts, 291-301 
place of in diet, 301 
proteins of, 298-300 
references, 301-302 
Nutmeg, 360 

Nutrients, 3; see also name of each 
Nutrition, passim 
Nutrition Foundation, 55 
Nutritional characteristics and values 
of foods, see the discussion of each 
food or food-group 

Nutritional improvement of life, 375- 
376 

Nutritionally-essential amino acids, 14 
fatty acids, 10 

Oats (oatmeal), 207-208, 407, 408, 409 
references, 223. 224, 228, 230 


Oils(s), 1. 8-10, 303-323; see also name 
of each 

"essential,” of cassia, 362 
of celery seed, 361 
of cinnamon, 362 
of clove. 362 
of lemon, 362 
of marjoram, 363 
of orange, 362 
of peppermint, 362 
of savory, 362 
of spearmint, 363 
of thyme, 363 
of wintergreen, 363 
Okra, references, 252, 255 
Oleic acid, 9, 74 
Olein, 9 
Oleo oil, 311 

Oleomargarine, see Margarine 
Olive, reference, 290 
Olive oil, 313-314 
Onion (s). 242, 409 
references, 259, 260 
Open kettle cane sirup, 343 
Orange (s) (or juice), 7, 270, 277, 408, 
409 

extract, 362 
oil of. 362 

references, 283-284, 285, 286. 287, 
288, 289 

Oryza saliva, see Rice 
Ovalbumin, 11, 126 
Ovovitellin, 12, 126-127 
Oxalates (oxalic acid) in leafy vege¬ 
tables of the Goosefoot family 
(Chenopodiaceae), 7-8, 242-243 
references, 257, 259 
Oxyproline, see Hydroxyproline 
Oyster (s), 182-185 

references, 191, 192, 193 

Palm tree as source of sugar, 5 
Palmitic acid, 9, 74 
Palmitin, 9 
Papaya, reference, 287 
Paprika, 357 
Parmesan cheese, 103 
Parsnips, 242, 407 
references, 251, 258 
Pastes, alimentary, 205 
Pasteurization of milk, 66 
references, 84-87 

Pea (s), 233-237, 246-248, 407, 408, 409 
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Pea (s) ( Cont .): 
canned, 246--248 

references, 250, 251, 252, 254, 256, 
257, 262, 264, 265 
Peach (es), 270. 273 
references, 283, 288 
Peanut (s). 233, 291-296, 299-301 
references, 256, 301, 302 
Pear (s), 267, 270 

references, 283. 286, 287, 288, 289 
Pecan (s), 291, 297 
references, 302 
Pectin, references, 283, 286 
Pellagra, 370 
Peppers, 237, 357 
references, 251 
Peppermint, 362 
extract, 362 
oil, 362 
Peptides, 13 
Peptones, 13, 101 
Percomorph oil, 189 
Permissive standards, 53 
Phascolin, 11, 234 

Phenylalanine, 11. 14, 73, 126, 154, 
215, 234, 299 

Phosphate baking powders, 356 
Phosphatid, 76 
Phospholipid, 76 
Phosphoprotcins, 12 
Phosphorus, 16, 76, 127, 128, 155 
Photograph (s), of children, 31 
of rats dilfercntly fed, 15, 17, 24, 32 
Pimenta ofjicinalis, 358 
Pimento, 358 
Pimpinclla anisurn, 358 
Pineapple, 270 
reference, 285 
Pineapple cheese, 103 
Piperidine, 357 
Pi peri ne, 357 

Place in diet of different foods, see 
each food or food-group 
Plums, 7, 270 
reference, 287 

Polarization of sugar cane juice. 
332 

Policy, food. 39-44, 375-398 
references, 56, 58. 59, 398-400 
Polypeptids, 13 
Polysaccharides, 3, 4, 5-7 
Pomelo, see Grapefruit 
Pork. 139, 141. 408 
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Potassium, 18, 155; see also Mineral 
elements 

Potato (es). 237-240, 278, 408. 409 
references, 250, 251. 252, 253, 251, 
258. 259. 260. 261, 263, 261, 265 
starch, 6, 240 
structure of, 238-239 
sweet, see Sweet potato 
Potato-swcctpotato food group; amount 
suggested in proposed food al¬ 
lotment plan. 12 

economy in American dietaries, 81 
Poultry, 172-175, 409 

dark and light meat. 174-175 
digestibility of. 186-187 
grading of, 174 
industry, 115-116 
marketing of. 172-174 
place in diet, 174-175 
references, 191, 192 
Poverty. 38. 42-13 

Preservation, see under individual 
foods 

Primary protein derivatives, 13 
Principle of lair chance for all, 41 
Probable error, 401—105 
Problem of best use of food, 375-100 
Process butter, 310 
cheese, 101 

Production of food, see under indi¬ 
vidual foods 
Prolamin of rye. 12 
Proline, 11. 73, 126, 154, 215, 234, 299 
Protamins, 12 
Proleans, 13 

Protein (s), 1. 10-15, 67, 72-74, 79. 
126-128. 153-154. 174. 187. 189, 
191, 197, 202. 203, 206. 215-218. 
233-231. 252. 253. 255. 256, 298- 
300 

amino acid make-up of. 73. 126. 154, 
215. 234. 299 

amounts furnished by different food 
groups, 81 

classification of. 11-13 

cleavage products in cheese, 101 

coagulated. 13 

conjugated, 12 

derived, 13 

energy value of, 14 

of barley, 206 

of beef. 153-154 

of bread and milk, 217 
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Protein (s) (Cont.): 
of cheese, 101 
of coconut, 299 
of eggs, 126-128 

of entire wheat vs. patent flour, 198, 
201-203 

of lisli and shellfish, 189 
of meat, 153—154 
of milk, 72-71, 79 
of poultry, 189 
of wheat, 191, 197, 202 


references, 32 

. 33, 

31, 35. 36 

. 86. 

110, 

161, 

167, 

168, 

169, 

170, 

171. 

19C, 

191, 

206. 

223. 

224. 

225, 

226, 

227, 

228. 

229. 

230. 

252, 

255, 

256, 

258, 

264, 

265 







simple, 11 

Protection of food consumers, 43-51 
references, 56-59 
Proteose, 13, 101 
Proximate composition, 2 
Prunes, 7, 270, 273, 274 
reterences, 287 

Pteroylglutamic acid (or glutamate), 
29 

Pulse (s), see Beans, Lentils, Peas 
Pumpkin, 267, 278 

"Pure lood law,” 45-51; see also Fed¬ 
eral food and drugs act 
“Pure food” movement, 38-40, 43—16, 
52-55 

Purines, 154-155 
Putrefaction, intestinal, 108 
reference, 166 

Quantities of food commodities pro¬ 
posed in the food allotment 
plan, 42 

Quantities of ten nutrients in Recom¬ 
mended Dietary Allowances, 40 

Rabbit (s). 175-176 
reference, 191 
Radicula armoracia, 358 
Radishes, 407 
Raisin (s), 273, 274 
reference, 286 
Raspberry (ies), 267 
Reddening of salt fish, 180 
‘Red dog” flour, 202 
References, 32-36, 56-59, 84-87, 109- 
113, 133-136, 164-171, 190-193, 
223-231, 250-265. 283-290, 301- 


References (Cont.): 

302, 323-328, 352-353, 371-374, 
398-100 

Refinery sirup, 342 
Refining of sugar, 336-339 
Regulations on addition of preserva¬ 
tive substances to meat, 148-149 
Regulations under food and drugs 
act, 45-50 
Reindeer, 175 

Renovated butter, 310 , 

Revivifying boneblack, 338 
Rhubarb, reference, 289 
Riboflavin, 27, 49, 75, 81-82, 128, 136, 
204, 245, 409 

references, 32, 33, 34, 85, 86, 87, 111. 
113, 133, 135, 136, 165, 166, 167. 
169, 170, 191, 223, 224, 225, 226. 
227, 228, 229, 230, 253, 254, 255, 
256, 263 
Rice, 195-196 
composition of, 195 
"converted," 196 
polished or white, 195 
references, 227, 228 
Rickets, 28-29 
Rigor mortis, 141-142 
Ripening, of cheese, 100-101 
of fruits, 270-272 

references, 284, 285, 287, 288 
of milk in cheesemaking, 98 
Root vegetables, 237-242; see also un¬ 
der name of each 
Roquefort cheese, 103-104 
reference, 113 
Roughage, 6, 249, 279 
reference, 226 
Rum, 368 

Rutabaga (s), reference, 251 
Rye, 205-206, 408 

Saccharose, see Sucrose (cane sugar) 
Saffron, 360 
Sage, 360 

Salmon, 178-179, 187, 189 
canned, 178-179 
Salmonella enteritidis, 147 
Salt, 354-355 
dairy, 355 

iodized (iodine in), 355 
Salvia officinalis, 360 
Sanitation, 40, 43-44, 51, 54-55, 62-S6; 
see also under individual foods 
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Sardines, 181-182 
Sauerkraut, reference, 260 
Savory, 362 
extract, 362 
oil. 362 

Scleroproteins, 12 

Score cards for dairies. 63-61 

Scurvy, 28 

Secondary protein derisatiscs, 13 
Seed (s), see name of each 
Semolina, 205 

Senility deferred by improvement in 
diet, 24, 27, 375-376 
Serine. 11. 73. 126, 154. 215, 231, 299 
Sheep, 138-139 
Shellfish, 182-185 
Shipping-point inspection. 52-a3 

"Ship stulf,” 203 
Shortening, see Fat (s) 

Shorts, 200. 202 
Shrimp, 182 
Simple proteins, 11 
Sinabis alba, 357 
Sirup (s), 212. 342-343. 344 
corn. 212 
mixed, 312 
refiners, 342 

refinery, 342 . 

Skeletal development, influence o! cal¬ 
cium on, 17 

Slaughterhouse, 140-141, 117 
sanitation, 147 

Slicing of sugar beets for dilfusion 
process, 340 . f 

Small-fruits, see names of species of 
berries 

Sodium, 18, 155 
in meats, 155 
Soft drinks, 367-368 
reference, 371 
Sorghums, 213 
reference, 226 
Sorgo, 213, 343, 345 
Sour milk, 106-108 
Soy (a) bean (s), 233. 234. 408 

references, 224, 250, 251, 252. >■ 

254. 255. 256. 257, 261. 262, 263. 

265 

Spaghetti, 205 
Spearmint, 363 
extract, 363 
oil. 363 

Spice (s), 357-360 


Spinach. 7, 242-243. 108 
acids in, 7 
Spirit vinegar, 369 

Spreading of nutritional benefits is 
both an economic and an edu¬ 
cational problem, 42, 376 
Squash (es). 237, 278 
reference, 256 
Standard barrel act. 53 
container act, 53 
Standard deviation, 101—105 
Standard food allotment proposed in 
1911. 12—43 

Standards, classified as Mandatory, Per¬ 
missive, or Tentative, 52 
Standards, mandatory, 52, 53 
Standards, permissive and tentative. 52. 

53 , • , • 
Slates importantly engaged m bans 

farming. 88 

Statistical interpretation of data. 401- 
409 

Status of skimmed milk enhanced by 
newer knowledge of nutrition. 

78 

Stearic acid, 9, 74 

Stearin, 9. 311. 316 _ 0|S 

Steps in canning vegetables, 21/-_1« 
Stilton cheese, 104 
Stimulating condiments, 3:>7-3;>S 
Starch. 1. 5-6, 198. 211-212. 239-210. 
270-271 
corn. 211-212 
granules, comparison of, 6 
in fruits, 270-271 
in potatoes. 239-210 
Starch sugar, see Glucose 
Strawberries, 267, 270, 109 
references. 284. 288. 289 
Structure of potato, 239-210 
of wheat kernel. 197-198 
Stunting. 15, 17. 21, 31, 32 
Sucrose, 3, 1-5, 329-3al 
Sugar. 3. 4-5. 329-3 >l 

arc cane and beet identical?. 341- 

345 

brown. 344, 345 

cane and juice compared. 330-331 
culture. 329-330 
consumption, 34G-351 
history. 329-330 
industry. 331-345 
place of in diet, 345—351 



426 


INDEX 


Sugar ( Cont.): 
powdered, 315 

problem of identity of sugar from 
beets and cane, 344-345 
production of, from beets, 339-341 
from cane, 329-336 
references, 352-353 
refining of, 336-339 
Sugar-and-swcets, amount suggested in 
the proposed food allotment 
plan, 42 

Sugar-and-sweets, economy in Ameri¬ 
can dietaries, 81 

Sugar and molasses, relation of cost to 
certain nutrients furnished, 377 
Sugar beet. 4-5, 329, 339-341 
Sugar cane, 4-5, 329-339 
Sugar vinegar, 369 
Sulfur, 16, 155 

Summary of functions of food, 29 
Supplementing effect of foods, 216-217 
Support of public opinion needed to 
improve the adequacy of the 
food supply of the poor, 41 
Suspension of growth by shortage of 
lysine, 14-15 
Sweetbread, 155 
Sweet marjoram, 363 
Swectpotato, 240-242. 244, 278 
as source of vitamin A, 244, 258 
references, 250-252. 255, 256, 257, 
258, 259, 263, 265 

Swiss cheese, sec Cheese, Emmenthal 
Tannin, 364 

Tartrate baking powders, 356 
Tartaric acid, 8, 356 
in baking powders, 356 
Tartrate, 7, 8, 356 
Tea, 363-364 

Technology, see descriptions of indi¬ 
vidual foods 
Then sinensis, 363 
Thcine, 364 

Theobroma cacao , 361-365 
Theobromine, 366-367 
Thiamine (vitamin Bi), 26, 49, 81, 156, 
204, 408 

references, 32, 33, 85, 86, 166, 169, 
170, 224, 231, 250, 252, 253, 254, 
256. 258, 262, 263 

Threonine. 11, 14, 73, 126, 154,215,234, 
299 


Thyme, 360 
extract, 363 
oil of, 363 

Thymo-nucleic acid, 12 
Thymus vulgaris, 360 
Tomatoes (and juice), 237, 278, 408, 
409 

references. 251. 253, 255, 257, 259, 
262, 263, 264 
Tonka bean, 363 
extract, 363 
1 op milk, 79 

Trade practices, see descriptions of 
individual foods 

Trend of interest in food, through 
sanitation to nutrition, 54-55 
Trend upward in milk consumption in 
the United States, 80 
Trichinosis, 157 
Tri-peptids, 13 
Triticonucleic acid, 12 
Triticum durum, 197 
vulgare, 197 

Tryptophane. 11, 14, 73, 126, 154, 215, 
216, 217. 234, 299 
Tuberculin testing, 62 
Tuberin, 11 
Tularemia, 175 
Turkey, references, 190, 192 
Turnip, 242, 408 
greens, 243, 407, 409 
references, 255. 259, 261, 262, 263, 
265 

Tyrosine, 11, 73, 126, 154, 215, 234, 299 

Ultimate composition of food, 2 
Unit of vitamin A value, 25 
Upkeep, 14 

Utilization, sec Digestibility 

Valine, 11, 14, 73. 126, 154, 215, 234, 
299 

Value, of corn germ protein, refer¬ 
ence, 227 

of individual foods for special die¬ 
tary use, 47-50 

Values of foods, 1, 14, 20-36; see also 
discussions of the different food 
groups 

Vanilla bean, 363 
extracts, 360-361, 363 
references, 363 
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Vanilla fragrans, 363 
planifolia, 360 

Variations among food values, 101—109 
Variation, coefficient of. -101—109 
"Variety meats," 141 
Veal, 138. 155 

Vegetables (s). 81. 232-250, 278, 375- 
398, 407-109 
canned, 278 
canning of, 246-249 
classication, 232 
digestibility, 249 
dried, 248-249 

economy in American dietaries. 81. 

249-250, 375-398 
frozen, 248-249 

green and yellow as a food-group, 42. 

81, 244-245, 390 
green, 23. 42, 244-245, 278 
improvement by breeding, 216 
in relation to cost of diet, 81, 219- 
250, 375-398 
leaf, 242-245 

place in diet, 42. 81, 249-250, 375- 
398 

references, 250-265, 398 
sieved, 248 
storage, 246 

Vcgctablcs-and-fruit, 42, 81, 375-398 
amounts proposed in food allotment 
plan, 42 

economy in American dietaries, 81. 
375-398 

Velva fruit, 275 
Vermicelli, 205 

Veterinary inspection in milk industry, 
62-65 
Vicilin, 234 
Vignin, 11 
Vinegar. 368-369 
apple, 368 
Viosterol, 29 

Vitamin (s). 1, 2, 20-29, 47-50, 81; see 
also name of each 
in grain products. 219-220 
in meats, 156-157 

references, 32-36: see also under 
name of each 

synthesis by microorganisms in 
cheeses, 110 

values, tables of, 156-157, 408, 

409 

Vitamin A (and its precursors), 23-26, 


Vitamin A (Cotit.): 

48. 49, 81, 189, 235-237, 211-215. 
320-321. 391 
discovery of, 23 
effect of, on growth, 23-26 
importance in nutrition, 23-26 
in relation to greenness of food, 23, 
235-237 

in relation to yellow color, 23, 75, 
267 

quantitative determinations of, 23- 
26 

references, 32, 33, 34, 35. 36. 85, 86, 
87. Ill, 113, 133. 131, 135. 165, 
190, 192. 193. 226. 251, 253, 251, 
255, 257, 258, 259, 261, 262, 263, 
264, 265, 287, 323, 324, 325. 326, 
327 

Vitamin II group, see Thiamine, Ribo¬ 
flavin, Niacin, Folic acid 
Vitamin C (ascorbic acid), 28, 19, 81. 
237, 238, 241-212, 218, 266. 267, 
271. 272, 276, 277, 279, 282. 283, 
391, 409 

furnished by different food-groups in 
American dietaries, 81 
references, 32, 34, 35. 85, 87, 254, 259, 
264 

Vitamin D, 28-29. 49. 189 
references, 33. 34. 133, 189-190 
Vitamin G. see Riboflavin 
Vitamin M (folic acid, pteroylglutamic 
acid). 23, 29 

Vitellin, see Ovovitellin 
Walnuts. 297, 300 

Water as constituent of foods in gen¬ 
eral, 1, 2 

Water, of individual foods, see compo¬ 
sition of each 

"Water-porridge people," 83-84 
Watercress, 407 
Watermelon. 270, 272 
Wheat, 11. 12. 196-199. 200. 205, 214- 
215, 221-222, 407. 408, 409 
bran, 198, 205 
embryo, 198, 205, 371. 408 
proteins. 199. 215-216, 217-218 
references. 223. 224, 225, 226, 227, 
228. 229, 230 
see also Bread and flour 
spring, 197 

structure of kernel. 197-199 
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Volk, see Egg (s) 

Voungberry, 267 

Zea mays saccharata, 232 
Zein, 12, 215, 216 
Zinc, 19 

Zinziber officinale, 359 
Zinziber zinziber, 359 
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Whiskey, 368 

Wine (s), 368 
vinegar, 369 

Wintcrgrccn extract, 363 
oil of, 363 

Yeast (and yeast extracts), 370-371 
references, 371, 372, 373 

Yoghurt, 106 
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